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HUD-HIUS  Program 


The  Department  of  Housing  and  Urban  Development  (HUD)  is 
conducting  the  Modular  Integrated  Utility  System  {HIDS} 
Program  devoted  to  development  and  demonstration  of  the 
technical,  economic,  and  institutional  advantages  of 
integrating  the  systems  for  providing  all  or  several  of  the 
utility  services  for  a community.  The  utility  services 
include  electric  power,  heating  and  cooling,  potable  water, 
liquid  waste  treatment,  and  solid  waste  management.  The 
objective  of  the  HIOS  concept  is  to  provide  the  desired 
utility  services  consistent  with  reduced  use  of  critical 
natural  resources,  protection  of  the  environment,  and 
minimized  cost.  The  program  goal  is  to  foster,  by  effective 
development  and  demonstration,  early  implementation  of  the 
integrated  utility  system  concept  by  the  organization, 
private  or  public,  selected  by  a given  community  to  provide 
its  utilities. 

Under  HUD  direction,  several  agencies  are  participating 
in  the  HDB“HIUS  Program,  including  the  atomic  Energy 
Commission,  the  Department  of  Defense,  the  Environmental 
Protection  agency,  the  national  Aeronautics  and  Space 
administration,  and  the  national  Bureau  of  Standards  {HBS) . 
The  National  Academy  of  Engineering  is  providing  an 
independent  assessment  of  the  program. 

This  publication  is  one  of  a series  developed  under  the 
HOD-aiUS  Program  and  is  intended  to  further  a particular 
aspect  of  the  program  goals. 


Coordinated  Technical  Review 

Drafts  of  technical  documents  are  reviewed  by  the 
agencies  participating  in  the  HOD-HIUS  Program.  Comments 
are  assembled  by  the  NBS  Team,  HUD-MIUS  Project,  into  a 
Coordinated  Technical  Review.  The  draft  of  this  publication 
received  such  a review  and  all  comments  were  resolved. 
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MIUS  COHHUNITY  CONCEPTUAL 


DESIGN  STUDY 

By  Ben  E.  Fulbright 
Lyndon  B.  Johnson  Space  center 


SUHMABY 


The  modular  integrated  utility  systems  (MIOS)  Community 
Conceptual  Design  Study  was  performed  to  determine  the 
applicability  of  the  HIDS  concept  to  a new  satellite 
community  of  100  000  persons.  Two  MIUS  design  options  were 
considered  --  one  containing  8-MIUS-unit  facilities  and  one 
containing  29-MIUS-unit  facilities.  A conceptual  design 
description  and  a system  specification  for  an  niUS-supplied 
community  have  resulted  from  this  study.  Parametric 
evaluations  of  size  and  type  of  facilities  to  be  included  in 
the  community  have  been  made.  Energy  conservation  devices 
were  considered,  cost  analyses  were  perf ormed, . and  the  costs 
of  the  HlUS-supplied  community  and  the  conventionally 
supplied  community  were  compared.  The  analysis  indicated 
that  considerable  resource  savings  could  be  obtained  by 
using  the  MIUS  instead  of  the  conventional  methods  of 
providing  utility  services.  This  study  indicated  that  the 
BIOS  concept  is  capable  of  supporting  a community  of  100  COO 
persons  while  conserving  natural  resources  without  adversely 
affecting  the  physical  environment. 


INTRODUCTION 


y The  purpose  of  the  modular  integrated  utility  systems 

(MIUS)  Community  Conceptual  Design  study  was  to  investigate, 
through  a conceptual  design,  the  application  of  the  MIUS 
concept  to  a new  satellite  community  and  to  determine  the 
technical  and  economic  feasibility  of  an  MIUS  in  such  a 
community.  An  objective  was  to  develop  an  MIUS  conceptual 
design  description  and  system  specification  for  such  a 
community.  Additionally,  the  consumables  usage, 
environmental  impact,  and  costs  of  an  MIUS  were  compared 
with  those  of  a conventional  system,  and  various 
optimization  analyses  were  performed  on  the  MIUS. 
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Originally,  the  plan  for  conducting  HIUS  conceptual 
design  studies  included  several  "point”  designs  and  a design 
for  a "combination  of  facilities."  The  point  designs  -- 
designs  for  a particular  building  type  --  that  were  chosen 
included  an  office  building,  a shopping  center,  a hospital, 
a school,  garden  apartments,  and  high-rise  apartments. 

During  the  pursuit  of  the  point  design  studies,  the 
Integrated  Utilities  Systems  Board  of  the  National  Academy 
of  Engineering  requested,  on  January  5,  1973,  a conceptual 
design  study  consisting  of  (1)  500  to  2i>00  dwelling  units 
and  associated  services  including  schools  and  shops,  (2)  an 
urban  renewal  project,  (3)  a suburban  planned  development, 
and  (4)  a new  satellite  community. 

The  new  satellite  community  was  chosen  for  the 
combination-of-facilities  study  because  it  incorporated  the 
most  probable  construction  situations.  Modularity  and 
developmental  phasing  were  to  be  considered,  and,  although 
the  development  of  the  community  was  to  be  phased  over 
approximately  20  years,  all  HIOS  designs  were  to  be  based  on 
1975  technology.  A community  locale  with  an  average 
climatic  area  was  selected. 

It  should  be  noted  that  this  is  a design  study  for  a 
very  hypothetical  community  development.  Inherent  in -such 
design  cases  is  a degree  of  inapplicability  to, the  design 
for  a real  community.  This  lack  of  applicability  is  caused 
by  a number  of  factors  such  as  specific  topography  of  the 
locale,  causing  a deterrent  to  layout  of  the  community  and 
utility  distribution  in  such  an  optimal  fashion  as  that 
proposed  in  this  report. 

All  types  of  energy  and  resource-conserving  devices  were 
considered.  When  those  devices  were  not  unique  to  the  HIUS, 
they  were  carefully  distinguished.  Common  transmission  and 
distribution  systems  combining  various  utility  services  were 
considered,  and  the  HIUS  was  designed  with  sufficient 
standardization  to  facilitate  operation  and  maintenance 
activities . 

In  the  cost  analyses  performed,  payback  was  not 
considered?  only  total  owning  and  operating  costs  were 
considered.  Twenty-year  projections  were  made  when 
analyzing  costs  of  all  items.  Distortions  due  to  taxes, 
governmental  subsidies,  and  existing  utility  rate  structures 
were  not  considered.  The  effects  of  mass  production  of  the 
HIUS  were  not  considered  in  the  cost  analyses.  When  cost 
comparisons  between  conventional  utilities  and  the  HIUS  were 
made,  the  assumption  was  that  the  conventional  system  must 
add  capacity  for  servicing  the  satellite  community. 
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Figure  1 is  a schematic  of  the  design  study  logic.  The 
output  resulted  in  a comparison  of  the  HIOS  and  conventional 
systems  and  in  systems  specifications  for  the  community 
HIOS. 


As  an  aid  to  the  reader,  where  necessary  the  original 
units  of  measure  have  been  converted  to  the  equivalent  value 
in  the  Systems  International  d*Unites  (SI)  , The  SI  units 
are  written  first,  and  the  original  units  are  written 
parenthetically  thereafter.  For  appendix  E,  the  JSC 
Director  waived  the  use  of  SI  units,  because,  in  his 
judgment,  the  use  of  SI  units  impaired  the  usefulness  of  the 
material  and  resulted  in  excessive  cost. 


COMHDNITY  MODEL 


To  study  the  feasibility  of  an  integrated  utility  system 
on  the  community  scale,  a model  was  generated  that  described 
the  characteristic  physical  components  and  representative 
buildings  of  satellite  new  towns.  (The  largest  number  of 
new  towns  are  satellite  new  towns  rather  than  new  towns-in- 
town  or  freestanding  new  towns.)  Once  described,  these 
components  could  be  arranged  in  a land  use  scheme  consistent 
with  existing  planning  principles. 


Designing  a proper  model  necessitated  defining  the 
typical  American  satellite  new-rown  components  and 
describing  them  in  a form  that  facilitated  the  various  HIUS- 
related  analyses.  Common  components  of  new  towns  have  been 
identified  by  a survey  of  various  American  new  towns. 

Proper  understanding  of  the  MIUS  application  in  such  a new 
community  required  that  all  experimental,  advanced,  or 
controversial  community  planning  concepts  be  avoided. 

^ Social  aspects  were  not  investigated  because  they  were 

considered  to  be  outside  the  scope  of  the  task.  Site- 
specific  features  (natural  conditions  such  as  landform, 
hydrology,  geology,  vegetation,  and  climate)  were  not 
^4/  included  because  a site  for  the  MIUS  has  not  been 

determined.  Because  transportation  is  an  important  part  of 
community  planning,  standard  forms  of  transportation  have 
been  included  in  structuring  the  plan. 


Figure  2 displays  the  logic  used  for  selecting  the  study 
model.  Fourteen  American  new-town  designs  were  surveyed  to 
determine  the  state  of  the  art  of  new-town  design  and  to 
identify  common  components  of  new  towns.  The  basic 
elements,  or  building  blocks,  in  the  town  designs  examined 
included  neighborhoods,  village  centers,  villages,  and  a 
central  business  district  (CBD) . 
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Based  on  the  survey  and  a comparison  of  the  new  towns 
with  the  study  criteria,  Columbia,  Maryland,  an  existing 
planned  new  town  consis-ient  with  the  state  of  the  art  was 
selected  as  the  basic  model.  This  model  provides  a "real” 
background  for  components  based  on  population  and  economy. 

Parts  of  the  selected  model,  unique  to  that  new  town,  were 
identified  and  expressed  as  a distortion  from  the  ’’typical” 
new  town.  Components  were  then  simplified  and  arranged  in  a 
land  use  diagram  that  was  used  for  utility  analysis. 

Appendix  A contains  supportive  data  for  the  new-town  model. 

\ 

HI US  CONCEPTUAL  DESIGN 


The  BIDS  designed  for  the  new  community  is  required  to  « 

provide  the  following  six  basic  services, 

1.  Electrical  power  at  120/208-volt  three-phase  ac 
power  to  all  occupied  space 

2.  Potable  water  that  meets  the  1962  U.S.  public  Health 
Service  standards  for  drinking  water 

3.  Domestic  hot  water,  of  potable  quality,  heated  to 
339  K {1500  j-j 

4.  Heating,  ventilation,  and  air-conditioning  (HVAC) 
with  the  space-heating  capacity  and  space-cooling  capacity 
to  meet  the  heating  and  cooling  loads  in  the  Washington, 

D.C.,  environment 

5.  Wastewater  treatment  consistent  with  the 
requirements  of  recycling  for  nonpotable  use  and/or  disposal 
to  the  external  environment 

6.  Solid  waste  disposal  by  transportation  and 
incineration  consistent  with  applicable  Environmental 
Protection  Agency  (EPA)  standards 

A 


Optimization  Criteria,  Reliability, 
and  Code  Approvals 

The  optimization  approach  used  in  the  HIDS  Community 
Conceptual  Design  Study  was  the  minimization  of  discounted 
cash  flow;  that  is,  whenever  the  design  strategy  offers  more 
than  one  alternative,  the  alternative  having  the  lowest 
present  cost  is  selected. 

Cash  flow  is  the  movement  of  cash  into  and  out  of  a 
given  enterprise.  Discounted  cash  flow  is  an  analytical 
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tool  that  differs  from  a cash-flow  analysis  in  that  it  takes 
into  consideration  the  time  at  which  the  money  flows  into 
and  out  of  the  enterprise*  The  future  dollar  is  ''converted" 
to  its  present  value  in  the  cost  analysis  of  an  item. 

The  reliability  requirement  determines  the  redundancy 
provided  in  the  design  of  the  system  and  influences  the 
selection  of  equipment  and  the  decisions  concerning 
interconnection  of  systems.  For  the  MIUS  community 
conceptual  design,  the  reliability  provided  is  comparable  to 
that  of  conventional  systems. 

Organizations  and  agencies  have  produced  codes, 
guidelines,  design  criteria,  and  regulations  relevant  to  the 
conceptual  design  of  an  HIDS.  These  codes  and  standards 
affected  the  design  selection.  Where  possible,  they  were 
complied  with,  but  they  were  not  a constraint  on  the  study. 
However,  where  there  is  a major  deviation  from  the  accepted 
practice  or  codes,  such  deviation  is  justified  or  explained. 
A partial  list  of  the  sources  of  codes,  guidelines,  and 
regulations  is  as  follows. 

Air  Movement  and  conditioning  Association 

American  Association  of  State  Highway  Officials 

American  Gas  Association 

American  Society  of  civil  Engineers 

American  Society  of  Heating,  Refrigeration,  and 
Air-Conditioning  Engineers 

American  Society  of  Mechanical  Engineers 

American  Society  for  Testing  Materials 

American  Standards  Association 

American  Water  Works  Association 

Association  of  Edison  Illuminating  Companies 

Compressed  Air  and  Gas  Institute 

Insulated  Power  Cable  Engineers'  Association 

National  Board  of  Fire  Underwriters 

National  Electrical  Manufacturers*  Association 


National  Elevator  Manufacturing  Industry, 
Incorporated 

National  Fire  Protection  Association 
Plumbing  and  Drainage  Institute 
Steel  Boiler  Institute 
Underwriters^  Laboratories 
Illuminating  Engineering  Society 
Military  Standards 
Hilitary  Specifications 
Bureau  of  Yards  and  Docks 
National  Bureau  of  Standards 
Federal  Construction  Council 
Environmental  Protection  Agency 
U.S.  Public  Health  Service 


Electrical  Power  Subsystem  Criteria 

Fuel  oil  for  the  generation  of  electrical  power  is  the 
basic  energy  source  for  an  HIUS.  A 24-hour-supply  fuel 
storage  tank  is  provided  at  each  HIUS  site  within  the  design 
community.  Replenishment  of  the  fuel  is  from  offsite _ 
(extracommunity)  storage  through  an  underground  pipeline. 

Electrical  power  generated  by  the  HIUS  is  distributed 
underground  to  the  various  user  elements.  Power  is 
generated  at  60  hertz,  three-phase  only.  The  single -family 
detached  dwellings  are  all-electric,  because  electricity  is 
the  only  energy  source  supplied  to  these  dwelliiigs.  All 
systems  operate  independently  of,  but  compatibly  with,  the 
extracommunity  power  system. 

Hiniraum-heat-rate  engines  are  used  in  the  power 
generation.  Heat-recovery  equipment  is  compatible  with  the 
HVAC  system. 

A design  goal  for  ail  subsystems  was  to  obtain  maximum 
commonality  of  subsystem  components  without  decreasing 
efficiency  and  without  violating  the  optimization  criterion. 


Heating,  ventilation,  and  Air-Conditioning 
subsystem  Criteria 

Only  absorption  machines  and  compression  machines  were 
considered  for  cooling  purposes.  The  subsystem  is  designed 
to  maximize  the  utilization  of  waste  heat  for  both  summer 
cooling  and  winter  heating.  If  necessary,  supplemental 
boilers  are  used  to  meet  the  winter  space-heating  peaks. 
Compressive  cooling  is  used  if  supplemental  cooling  capacity 
is  required,  but  it  must  be  economically  justified. 

A circulating  hot-  and  chilled-water  system  is  used  for 
the  high-density  regions  of  the  community  — the  high- 
density  area  of  the  neighborhoods,  the  village  center,  and 
J the  CBD.  The  design  was  optimized  so  that,  where  possible, 

heat  is  rejected  directly  to  the  environment  so  that  water 
can  be  conserved. 


Solid-Haste  Subsystem  criteria 

The  solid  waste  of  the  community  is  disposed  of  by 
incineration.  In  this  manner,  energy,  in  the  form  of  heat, 
is  recovered  from  the  wastes.  The  heat-recovery  equipment 
used  is  compatible  with  the  HVAC  subsystem  wherever 
possible.  The  burning  schedule  of  the  solid  wastes  conforms 
to  the  requirements  of  the  HVAC  subsystem.  The  utilization 
of  supplemental  fuel  in  the  incineration  process  is 
minimized,  and  the  stack  emissions  comply  with  EPA 
guidelines. 

All  solid  waste  used  is  from  the  community  itself; 
preincinerated  solid  wastes  are  not  imported  to  or  exported 
from  the  community.  Intracommunity  transportation  of  solid 
wastes  from  one  MIOS  facility  to  another  is  permitted  when 
required.  Alternate  disposal  or  storage  is  provided  for 
protection  from  the  possibility  of  subsystem  failure.  The 
ultimate  disposal  (in  the  form  of  ashes)  is,  however,  to  a 
remote,  extracoramunity  landfill. 

Water  Subsystem  Criteria 

All  water  obtained  from  the  water  source  is  treated  so 
that  it  meets  the  1962  U.S.  Public  Health  Service  standards 
for  drinking  water.  Only  such  potable  water  is  used  for 
human  consumption.  Domestic  hot  water  is  obtained  by  using 
prime  mover  waste  heat  wherever  possible  to  heat  potable 
water. 

Wastewater  treatment  produces  an  effluent  that  can  be 
used  in  heat  rejection;  that  is,  the  effluent  is  of 
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sufficient  guality  for  use  in  heat  exchangers  and  cooling 
towers.  Human  contact  with  treated  effluent  is  minimized; 
however,  surplus  treated  wastewater  may  he  used  for  lawn 
watering. 

Throughout  the  potable  and  wastewater  portions  of  the 
subsystem,  alternate  means  of  disposal  or  storage  are 
provided  in  case  of  subsystem  failure.  hdeg.uate  pressure 
and  storage  of  water  exist  for  firefighting  purposes  at  any 
location  within  the  community.  Appendix  B contains 
supportive  data  for  the  HIUS  conceptual  design.  4 


CONVENTIONAL  SYSTEJ^S  DEFINITION 

I 

Conventional  utilities  service  a community  through 
independent  networks  and  systems.  To  determine  whether  an 
Kins  system  would  be  beneficial  to  a community,  a 
conventional  utility  services  network  was  defined  for 
comparison  with  the  HIDS  (fig.  3)  . The  defined  conventional 
utility  systems  provide  services  in  a manner  similar  to 
those  of  the  model  community,  Columbia,  Haryland. 

Power  Generation  and  Distribution 

The  reference  conventional  power  generation  and 
distribution  system  for  the  community  study  is  a 1300- 
megawatt,  diesel-fuel-oil-fired  steam  powerplant  with  an 
average  plant  thermal  efficiency  of  32.7  percent.  The  plant 
is  assumed  to  be  grid  connected  and  located  in  the  east- 
central  region  of  the  United  States.  Condenser  cooling  is 
accomplished  by  a combination  of  reservoir  water  and 
natural-draft  cooling  towers.  ’ p 

The  power  transmission  system  is  assumed  to  be  a 
conventional  700-kilovolt  system  (grid)  with  stepdown  to  230 
kilovolts  at  a main  substation  in  the  vicinity  of  the 
community  site.  Figure  4 shows  the  transmission  system  used 
for  providing  power  to  the  primary  feeders  of  the  community 
distribution  system.  Within  the  community,  three  satellite 
substations  are  serviced  by  overhead  transmission  lines; 
transmission  is  from  the  grid  to  the  main  substation  to  the 
three  satellite  substations.  The  transmission  conductors 
are  composed  of  noninsulated  aluminum. 

The  average  power  transmission  efficiency  is  assumed  to 
be  95  percent.  Power  is  distributed  through  13.2-kilovolt 
primary  feeders  (insulated  copper  conductors)  installed 
underground.  This  arrangement  is  typically  used  in  current 
developments.  Local  transformers  (50  to  80  kilovolt- 
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amperes)  are  used  to  step  down  voltage  to  120/240  V ac  for 
domestic  use.  The  average  distribution  efficiency  is 
assumed  to  be  97  percent.  The  electrical  design 
transmission  eguipment  within  the  community  required  for  the 
conventional  system  is  as  follows. 

1.  Substations 

a.  Main  substation  a - 326  886  kilowatts 

b.  Satellite  substation  B - 83  164  kilowatts 

c.  Satellite  substation  C - 77  394  kilowatts 

d.  Satellite  substation  D - 83  164  kilowatts 

2.  Wire  size  and  length 

a.  500  HCH  - 39  502  meters  (129  600  feet) 

b.  400  HCH  - 13  167  meters  (43  200  feet) 

c.  No.  2 (ground)  - 23  652  meters  (77  600  feet) 

3.  Transformers  and  switchgear 

a.  One  - 200  000  kilowatts 

\ 

b.  One  - IOC  000  kilowatts 

c.  One  - 30  000  kilowatts 

d.  Nine  - 25  000  kilowatts 

e.  Two  - 10  000  kilowatts 

The  distribution  eguipment  is  as  follows. 

1.  Wire  size  and  length 

a.  500  HCM  - 1 406  926  meters  (4  615  900  feet) 

b.  400  HCM  - 136  698  meters  (448  485  feet) 

c.  1/0  - 514  348  meters  (1  687  495  feet) 

2.  Transformers 

a.  Seven  - 6000  kilowatts 

b.  10  816  - 50  kilowatts 
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, Switchgear  - 676  to  800  kilowatts 
4,  Average  power  factor  --  9 


Heating,  Ventilation,  and  Air-Conditioning  Systems 

The  conventional  HVAC  system  was  defined  for  each 
building  type.  In  a conventional  system,  each  building  has 
an  independent  HVAC  system  (some  form  of  a central  system) . 
In  most  systems,  ducts  are  used  to  transport  the  conditioned 
air  throughout  the  facility;  however,  in  other  systems,  hot 
or  chilled  water  is  transported  through  a two-pipe  or  four- 
pipe  system. 

In  a two-pipe  system,  one  pipe  is  the  supply  and  one  is 
the  return.  Either  hot  water  or  chilled  water  can  be 
distributed,  but  simultaneous  distribution  is  not  possible. 

A four-pipe  system  allows  hot  and  chilled  water  to  be 
distributed  simultaneously  with  the  hot  water  using  two 
pipes,  a supply  and  a return,  and  the  chilled  water  using 
the  other  two.  The  HVAC  systems  for  various  facilities  are 
defined  in  table  1. 


Water  Supply  System. 

Water  for  potable  water  use  and  firefighting  comes  from 
surface  source  water  24  kilometers  (15  miles)  from  the 
community.  The  water  is  piped  to  a central  treatment  plant, 
treated,  and  then  distributed  to  the  community  users  in  the 
same  manner  in  which  water  is  distributed  in  a 29-13I0S 
option  (option  X)  facility.  (Option  I and  the  8-HIDS 
facility  (option  II)  are  explained  in  appendix  B in  the 
section  entitled  "Design  Strategy.")  Water  for  firefighting 
is  distributed  in  the  same  manner,  with  elevated  water 
towers  used  to  meet  storage  requirements.  The  water  supply 
distribution  pipe  sizes  and  lengths  are  listed  in  table  2. 


Wastewater  Treatment  and  Solid-Waste  Hanagement 

The  wastewater  treatment  for  the  community  is 
accomplished. in  a central  plant.  The  wastewater  is  fed  to 
the  central  plant  by  conventional  gravity  flow  through 
trunks  and  interceptors.  The  distribution  pipe  sizes  and 
lengths  required  for  the  conventional  system  are  listed  in 
table  3. 

The  solid  wastes  are  collected  and  transported  24 
kilometers  (15  miles)  to  the  air  incinerator/landfill.  The 
system  is  diagramed  in  figure  5. 


COMMUNITY  ENERGY  ANALYSIS  DATA 


Energy  analyses  were  performed  for  each  separate 
community  element  (i-e,,  neighborhood,  village  center,  etc.) 
and  for  the  integrated  complex  at  several  points  during  the 
20-year  growth  period.  The  Energy  System  Optimization 
Program  (ESOP)  (ref.  1)  was  the  primary  tool  used  for  these 
energy  analyses  and  for  HIUS  load  determinations.  This 
section  of  the  report  describes  the  techniques  used  both  for 
load  and  energy  analyses,  discusses  the  energy  analysis  data 
formats  and  the  special  assumptions  made  for  the  various 
analyses,  and  presents  all  the  energy  analysis  data 
developed  for  the  entire  community  study.  The  ESOP  consists 
primarily  of  subroutines  that  model  each  of  the  MIUS 
subsystems  and  are  integrated  with  subroutines  that  predict 
HVAC  and  water  system  loads.  The  program  is  divided  into 
five  general  analytical  components  plus  input/output 
components  as  shown  in  the  generalized  ESOP  analysis 
schematic  presented  in  figure  6. 


Solid-Waste  Disposal 

The  waste  disposal  calculation  section  of  the  program 
predicts  the  daily  total  energy  required  to  operate  a 
specific  waste  disposal  system  (for  a given  trash  load)  and 
the  daily  quantity  of  usable  waste  heat  energy  that  is 
recovered  from  the  specific  disposal  process. 


Heating,  Ventilation,  and  Air-Conditioning  Loads 

The  HVAC  loads  calculation  section  of  the  program 
predicts  hourly  heating  and  cooling  loads  of  the  buildings 
to  be  serviced  by  the  MIUS  as  a function  of  indoor  and 
outdoor  air  conditions,  solar  effects,  building  construction 
and  geometry,  domestic  electric  power  profiles,  and 
occupancy  profiles.  These  loads  are  calculated  for  each 
building  type  and  totaled  for  the  entire  complex  to  obtain  a 
total  24-hour  load  profile  for  each  seasonal  analysis. 


Energy  Requirements 

The  energy  requirements  calculation  section  of  the 
program  determines  the  hourly,  daily,  seasonal,  and  annual 
energy  requirements  for  the  MIUS  complex.  Load  information 
from  the  HVAC  loads  section,  heat  recovery  and  fuel 
requirement  data  from  the  solid-waste  section,  and  waste 
heat  data  from  the  power  generation  section  are  used  to 
determine  energy  utilization  and  requirements  for  HVAC 
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equipment,  boilers,  cooling  towers,  etc.  Thermal  storage  is 
an  optional  feature  in  this  section  of  the  program. 


Power  Generation 

1 j- 

The  power  generation  calculation  section  of  the  program  :| 

is  used  to  determine  the  energy  required  for  specific  prime  M 

mover  systems  to  provide  required  electrical  power  as  y 

defined  by  the  energy  requirements  section.  The  power  | 

qeneration  section  also  defines  (for  the  energy  requirements  ^ | 

section  of  the  program)  the  amount  and  type  of  waste  heat 
available  from  the  prime  mover  system.  The  interface  y 

between  these  two  sections  of  the  program  accounts  for  t 

electrical  power  demands  created  by  the  compression  air-  ^ f| 

conditioning  required  to  supplement  air-conditioning 

provided  by  waste  heat.  3 


Conventional  Utility  System  ^ 

■i  ■■■ ' i 

;'i  j \ 

The  conventional  utility  system  calculation  section  of  | 

the  program  is  used  to  determine  the  energy  required  by  a | 

conventional  commercial ‘ utility  system  to  provide  the  same  j 

services  as  those  provided  by  the  MIUS,  The  conventional  | 

system  consists  of  a central  power  generation  facility,  all- 
compression air-conditioning,  and  a gas-fired  boiler  for  | 

space  heating  and  hot  water  heating.  | 


The  ESOP  Output 

In  general,  ESOP  output  consists  of  (1)  the  operating 
characteristics  and  recoverable  waste  heat  energy  of  the 
solid-waste  disposal  systems,  (2)  ail  components  of  the 
heating  and  cooling  loads,  (3)  the  load  demands,  operating 
characteristics,  and  energy  requirements  of  the  specific 
prime  mover  being  analysed  and  an  indication  of  the  degree 
of  utilization  of  waste  heat  energy,  and  (4)  a summary  of 
daily,  seasonal,  and  yearly  energy  requirements  of  the 
specific  MIUS  configurations  required.  Input  and  output 
parameters  are  listed  in  appendix  B in  the  section  entitled 
'•Subsystems  Design  Tasks  and  Logic  Flow,"  Community  energy 
analysis  supportive  data  are  given  in  appendix  C. 


ADDITIOM&L  MIUS  ANALYSES 


Various  additional  analyses  conducted  relative  to  the 
MIUS  conceptual  design  concerned  thermal  balancing,  thermal 
sizing,  steam  powerplants,  an  electrical  option  for  option 
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pyrolysis,  vacuum  collection  of  wastewater,  use  of  heat 
in  wastewater  treatment,  water-saving  techniques  and 
indirect  water  reuse,  removal  of  sulfur  dioxide  from  power 
generation  stack  gases,  and  a data  processing  alternative 
for  the  HIUS  control  and  monitoring  subsystem. 

The  first  four  areas  of  investigation  did  not  yield 
substantial  benefits;  however,  analyses  of  the  remaining  six 
items  indicated  the  possibility  Of  substantial  improvement 
in  the  overall  performance  and/or  economic  advantage  of 
MIUS. 


Thermal  Balancing 

The  objective  of  thermal  balancing  was  the  recovery  of 
sufficient  heat  within  the  HIUS  plant  to  support  all  heating 
and  air-conditioning  requirements.  The  necessary  heat  was 
obtained  by  incinerating  additional  refuse  in  sufficient 
quantities  to  provide  the  required  heat  through  the 
incinerator  heat-recovery  system.  Thus,  heat  requirements 
were  met  in  one  HTDS  location  by  incinerating  refuse  from 
another  aiUS  location.  For  example,  CBD  HIUS  heat 
requirements  were  met  by  incinerating  all  refuse  collected 
in  the  total  community.  The  result  was  a 2-percent  decrease 
in  thermal  efficiency  and  a 1 -percent  increase  in  fuel 
consumption  for  the  community  in  option  II. 


Thermal  Sizing 

As  in  the  thermal  balancing  analysis,  the  objective  of 
thermal  sizing  was  the  recovery  of  heat  within  the  HIUS  to 
support  all  heating  and  air-conditioning  requirements.  The 
additional  heat  for  this  analysis  was  obtained  by  operating 
the  prime  movers  at  a level  that  provided  the  required  heat 
through  the  heat-recovery  systems  of  the  prime  movers;  thus, 
all  the  heat  requirements  of  the  HIUS  were  met.  Excess 
power  was  supplied  to  the  grid.  The  heat  requirements  of  an 
HIUS  for  an  average  summer  day  were  met  for  both  the  village 
complex  HIUS  and  the  CBD  HIUS  in  option  II,  Each  village 
complex  HIUS  then  supplied  25  megawatts  of  excess  power,  and 
the  CBD  HIUS  provided  75  megawatts  of  excess  power  to  the 
grid. 


Steam  Powerplants 

A steam  plant  design  for  the  community  HIUS  was  defined 
to  replace  the  diesels.  It  was  compared  to  a conventional 
system  to  determine  fuel  savings  (table  4) . The  results 
indicated  that  there  were  no  significant  fuel  savings  with 
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option  XI  (4.9  percent),  and  with  option  I,  the  fuel  savings 
were  negative  (-S.6  percent) . 


Electrical  Option  for  option  II 

Possible  energy  savings  resulting  from  supplying  a 
portion  of  the  village  complex  electrical  load  from  the  CBD 
RIOS  were  investigated.  The  results  showed  no  significant 
change  in  energy  savings  with  the  same  utilization  of 
recovered  heat.  The  annual  fuel  savings  for  the  baseline 
community  is  37,86  percent  as  compared  to  a 37.69-percent 
savings  in  the  electrical  option  community. 


Pyrolysis 

Pyrolysis  may  be  defined  as  destructive  distillation  in 
the  absence  of  oxygen  or  other  oxidants.  Pyrolysis  of  solid 
waste  has  been  demonstrated  in  several  instances.  The 
Bureau  of  Rines  (ref,  2)  has  presented  test  data  concerning 
the  types  of  products  to  be  expected  from  pyrolysis  of 
municipal  waste.  Using  pyrolysis  to  process  907  kilograms 
(1  ton)  of  municipal  solid  waste  produces  the  following 
products:  (1)  502  cubic  meters  (17  741  cubic  feet)  of  gas 

with  heating  value  16  649  kj/m^  (447  Btu/ft^) , (2)  18.14 
kilograms  (40  pounds)  of  tar  with  heating  value  3731  kJ/kg 
(1605  Btu/lb) , (3)  69.85  kilograms  (154  pounds)  char  with 
heating  value  12  227  kJ/kg  (5260  Btu/lb) . 

These  products  are  produced  by  operating  the  pyrolysis 
process  at  1173  K (900°  C)  and  101  325  H/m^  (1  atmosphere). 
By  varying  temperature  and  pressure,  yields  of  various 
products  may  be  increased  or  reduced. 

Three  pyrolysis  options  were  considered.  In  the  first 
option,  pyrolysis  gas  is  used  to  heat  hot  water  and  to 
provide  space  heating  for  the  single-family  dwellings.  In 
the  second  option,  pyrolysis  gas  is  fed  back  into  the  system 
to  be  used  in  generating  electrical  power.  In  the  third 
option,  pyrolysis  gas  is  used  to  heat  hot  water  for  the 
single-family  dwellings  and  to  provide  the  energy  source  for 
cooking  in  all  dwelling  units  within  the  village  complex- 
Also,  the  remaining  gas  is  supplied  to  the  power  generation 
subsystem  in  the  CBD  MIUS. 


Vacuum  Collection  of  Wastewater 

Normally,  gravity  is  the  force  used  in  the  collection  of 
wastewater  and  the  transfer  of  that  water  through 
interceptors  and  sewers  to  the  treatment  facility.  An 
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applied  vacuum  of  50  662  to  60  795  N/dj2  (0.5  to  0.6 
atmosphere)  was  used  in  this  analysis  to  accomplish  the 
transfer. 

The  use  of  vacuum  collection  permits  installation  of  the 
sewers  in  a shallow  trench  that  follows  the  ground  profile; 
thus,  the  sewer  is  generally  above  the  water  table.  Smaller 
pipe  <7.6  by  10.2  centimeters  (3  by  4 inches))  is  used  in 
the  force  main  configuration.  The  polyvinyl  chloride  (PVC) 
pipe  used  is  virtually  leakproof,  and,  if  a break  does 
6 occur,  the  leakage  is  inward  and  manholes  for  the 

discernment  of  breaks  are  eliminated.  Also,  there  are 
significant  capital  cost  reductions, 

^ The  system  does  have  disadvantages.  Code  revisions  and 

local  health  department  review  and  approval  of  the  system 
are  reguired.  Because  the  system  is  mechanical,  more 
maintenance  is  required.  The  vacuum  collection  design 
requires  specialized  knowledge;  thus,  design  costs  are 
somewhat  higher.  Operating  experience  with  such  a system  in 
the  United  States  is  limited;  however,  the  technology  is  now 
available. 

The  neighborhood  and  village  center  complex  in  option  II 
requires  three  vacuum  stations,  one  in  each  of  the  three 
neighborhoods. 


Use  of  Heat  in  Wastewater  Treatment  { i 

Sludge  drying  and  influent  temperature  stabilization  are  fi 

two  specific  uses  of  excess  heat  energy  that  were  examined.  : i 

i 

The  objective  of  sludge  drying  was  to  use  excess  high-  I 

grade  heat,  thus  eliminating  the  need  for  the  sludge  :?ij 

incinerator.  This  process  was  accomplished  by  using  a heat-  ; j 

exchange  system  downstream  of  the  sludge  dewatering  ?! 

equipment  proposed  in  the  baseline  design.  Fuel  savings  | 

resul-ting  from  this  sludge  drying  technique  were  3.656  Ji 

m3/day  (965.7  gal/day)  for  option  I and  3.758  m^/day  (992.8  | 

gal/day)  for  option  II. 

Excess  high-  and  low-grade  waste  heat  can  be  used  to 
stabilize  the  .wastewater  treatment  plant  influent 

temperature.  This  technique  was  accomplished  by  using  a | 

heat-exchange  system,  installed  upstream  of  the  initial  plant 

process.  Temperatures  greater  than  31 1 K (100®  p)  can  be 

maintained  throughout  the  year.  The  quality  of  the 

treatment  plant  effluent  is  stabilized.  Additionally,  plant 

sizes  may  be  reduced  because,, of,^  increased,  efficiency  of 

the  treatment ' process,  'V,  ' " T ^ 
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flater-Saving  Techniques  and  indirect  ffater  Heuse 

The  objective  of  this  analysis  was  to  determine  the 
effect  of  the  selected  reuses  (HVAC  rejection,  engine  oil 
cooler  heat  rejection,  lawn  watering  and  irrigation,  and 
firefighting)  on  reclaimed  water  quality  with  respect  to 
dissolved  solids  content  and  holding  time  for  loads  using  no 
water-^saving  devices.  Using  the  conventional  flow  (no 
special  water-saving  devices)  in  option  II,  the  annual 
dissolved  solids  buildup  factor  is  1.14  with  a retention 
time  of  168  days.  With  water-saving  devices  (10  percent 
toilet),  the  buildup  factor  is  1.22,  and  the  retention  time 
is  298  days.  With  a 10-percent  toilet  and  10-percent 
shower,  a retention  time  of  438  days  results  in  a buildup 
factor  of  1.29.  These  results  indicate  that  dissolved 
solids  present  no  problems. 

Because  of  the  long  retention  time  and  reliable  tertiary 
treatment,  lake  water  recycling  for  potable  use  is  feasible. 


Removal  of  Sulfur  Dioxide 

The  Los  Angeles  Power  and  Electric  Company  has  collected 
test  data  on  the  use  of  water  to  scrub  sulfur  dioxide  from 
their  power  generation  stack  gases.  The  Lin-Pro  Corporation 
has  developed  and  tested  a water  purification  system  that 
uses  sulfur  dioxide  to  produce  water  of  potable  quality. 
Using  the  data  from  these  applications,  a wastewater 
treatment  system  could  be  developed  for  the  MIUS  that  would 
utilize  the  sulfur  dioxide  in  the  power  generation  stack 
gases  for  the  treatment  of  the  wastewater. 

Wastewater  scrubbing  of  stack  gases  offers  potential 
simultaneous  improvement  in  wastewater  treatment  and  air 
quality. 


Data  Processing  Alternative  for  HIUS  control 
and  Monitoring  Subsystem 

The  purpose  of  the  data  processing  alternative  analysis 
was  to  determine  other  uses  of  the  computer  that  controls 
the  HIUS.  It  performs  the  central  station  utility  data 
processing  functions  of  logistics,  maintenance,  utility 
billing,  and  resource  allocation.  It  can  be  sized  to 
accommodate  the  needs  of  the  entire  community  for  large- 
scale  data  processing.  Such  functions  as  municipal 
taxation;  payroll  figuring;  hospital  and  insurance 
accounting;  engiheering  computations;  banking,  savings,  and 
loan  functions;  credit  account  functions;  and  scientific 
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suppori:  for  research,  and  the  college  could  be  performed  for 
elements  within  the  community. 

The  system  incorporates  the  following  equipment:  (1) 

central  processing  unit  (2-megabyte  memory) , (2)  mass 
storage  (four  disks,  800  megabytes  total) , (3)  six  magnetic 
tape  units,  (h)  two  high-speed  printers,  (5)  card  reader- 
punch,  and  (6)  terminals  and  special  purpose  equipment  for 
users. 

The  computer  t.irae  can  be  sold  as  a “utility. " It  can  be 
time  shared,  with  rent  based  on  central  processing  unit 
second  and  mass  storage  usage  and  total  connect  time.  The 
revenues  can  be  included  as  HIUS  income. 


ENVIEONHENTAL  IMPACT 


The  use  of  BIDS  to  support  a new  community  has 
environmental  advantages  and  disadvantages.  In  general,  the 
advantages  seem  to  outweigh  the  disadvantages. 

The  local  generation  of  power  increases  the  amount  of 
local  air  pollution.  However,  a study  of  these  emissions 
indicates  that  local  concentrations  can  be  kept  within 
Federal  Air  Quality  Standards.  On  a regional  basis,  the 
HIUS  emission  rates  exceed  the  limits  set  forth  for  the  1985 
time  period,  but  the  conventional  powerplant  also  exceeds 
the  1985  limits.  The  total  weight  of  pollutants  released  to 
the  atmosphere  is  nearly  equivalent  for  both  systems; 
however,  KIDS  provided  a 40 -percent  fuel  savings.  Reduction 
of  emissions  may  be  feasible  for  both  conventional  and  HIUS 
systems. 

The  flIUS  uses  approximately  40  percent  less  water  than  a 
conventional  system,  but  10  to  20  percent  more  dissolved 
solids  are  discharged  into  adjacent  streams.  The  community 
HIUS  may  be  independent  of  an  outside  watex*  source.  Thermal 
pollution  of  adjacent  streams  does  not  appear  to  be  a 
significant  problem. 

The  use  of  HIUS  in  a community  will  raise  the  ambient 
air  temperature,  but  the  possibility  of  additional  fuel 
savings  as  a result  of  this  increase  in  air  temperature  has 
not  yet  been  determined. 

Equipment  for  HIUS  could  create  t^urae  additional  noise, 
but  sufficient  design  data  are  available  to  ensure  that  it 
will  meet  the  Department  of  Bousing  and  Urban  Development 
noise  criteria. 


The  purpose  of  this  report  is  not  to  present  an 
environmental  statement  for  the  community  but  to  point  out 
those  areas  of  consideration  that  are  unique  and  peculiar  to 
Hins,  Comparisons  between  HIUS  and  alternate  facilities  are 
presented  in  appendix  D. 


COSTS 


The  costs  analyses  are  as  necessary  to  the  design  of  an 
MIUS  as  the  engineering  design.  For  MIUS  to  be  practical, 
it  must  be  economically  competitive.  In  fact,  evidence  of 
cost  savings  will  entice  potential  users  to  take  advantage 
of  the  other  benefits  of  the  HIUS  concept. 

Appendix  E contains  detailed  information  concerning  the 
HIUS  cost  analyses,  which  were  based  on  the  designs 
previously  described.  Note  the  excessive  costs  of  the 
electrical  subsystem  (approximately  45  percent  of  the  total 
HIUS  costs  and  55  percent  of  the  total  conventional  costs) . 

The  consumables  savings  that  resulted  from  the  use  of 
each  HIUS  option  when  compared  to  a conventional  utility 
system  are  shown  in  table  5.  Economic  analysis  indicates 
that  the  total  cash  outlay  and  the  operation  and  maintenance 
costs  for  the  two  options  were  considerably  less  than  those 
for  a conventional  system  (table  6)  . 

Both  HIUS  options  show  considerable  savings  over  the 
conventional  system,  with  option  II  slightly  better  than 
option  I.  In  1973  dollars,  over  the  20-year  period  ending 
in  1994,  the  total  cash  outlays  for  options  I and  II  are  S56 
and  $94  million  less  than  the  conventional  system, 
respectively.  When  the  costs  are  escalated  and  discounted, 
the  cost  savings  are  $18  and  $34  million  and  the  percent 
savings  are  7.5  and  14.1,  respectively,  assuming  fuel  costs 
escalated  at  5 percent/yr-  If  the  fuel  cost  escalation  was 
15  percent/yr.,  the  escalated  and  discounted  cost  savings 
would  be  $78.5  and  $94.4  million,  and  the  percent  savings 
would  be  19.7  and  23.6. 

The  MIUS  not  only  reduces  the  amount  of  energy  required 
and  saves  valuable  natural  resources  but  also  competes 
economically  with  today's  conventional  systems. 


SUBSYSTEM  COSTS 


The  analyses  of  HIUS  utilities  and  services  indicate 
that  they  are  cost  competitive  with  conventional  utilities 
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and  services  for  large,  new-coninmnity  applications.  Cost 
escalations  and  discounted  cash-flow  analyses,  as  compared 
to  current  costs,  do  not  significantly  affect  the 
conclusions  obtained  from  the  study.  K breakdown  of  the 
cost  summary  within  each  subsystem  is  shown  in  appendix  E. 

In  the  electrical  power  subsystem,  a major  cost  saving 
will  result  from  reduced  fuel  requirements  and  electrical 
transmission  facilities.  The  reduced  water  supply 
requirements  also  produce  a major  cost  savings. 

The  capital  and  operating  costs  of  small  wastewater 
treatment  plants  are  not  offset  by  reduced  collection  costs, 
but  the  capital  and  operating  costs  of  a local, 
intermediate-sized  treatment  plant  may  be  cost  effective 
because  of  reduced  collection  costs.  Solid-waste  collection 
and  handling  costs  are  not  reduced  significantly;  however, 
the  recovery  of  energy  from  solid  waste  appears  to  be 
economically  desirable.  The  increased  capital  costs  of  the 
large  central  air-conditioning  systems  are  offset  by  reduced 
maintenance  costs. 


CONCLUDING  REHABKS 


The  Community  Conceptual  Design  Study  was  performed  to 
determine  the  applicability  of  the  HIUS  concept  to  a new 
satellite  community  of  100  000  persons.  The  analysis 
indicated  that  considerable  resource  savings  could  be 
obtained  by  using  the  MIUS  instead  of  a conventional  method 
of  providing  utility  services.  Two  MIUS  design  options  were 
considered  — one  containing  8-MIUS  facilities  and  one 
containing  29-MIUS  facilities. 

The  design  baseline  does  not  incorporate  a high  level  of 
optimization;  however,  several  additional  techniques  were 
evaluated  that  could  substantially  improve  overall  HIUS 
performance  and  economic  advantage,  for  example,  the  use  of 
a vacuum  waste  collection  system  has  the  potential  for 
reducing  capital  costs  and  treatment  plant  size.  If 
pyrolysis,  presently  in  the  pilot  development  stage,  were 
used  for  trash  processing  in  the  community,  an  additional 
18- 6-percent  HIUS  fuel  savings  could  be  achieved  over  and 
above  the  38  percent  achieved  in  the  design  baseline.  The 
use  of  10  percent  water-use  toilets  and  showers  in  the 
community  buildings  will  result  in  a 50-percent  reduction  in 
water  requirements.  Also,  wastewater  scrubbing  of  stack 
gases  offers  the  potential  of  improving  air  quality  by 
removing  sulfur  dioxide  while  simultaneously  aiding  in  the 
wastewater  treatment  process. 


19 


Although  HIOS  is  economically  advantageous,  some  aspects 
of  the  design  warrant  further  investigation.  The  BIDS 
designs  considered  in  this  report  showed  an  increase  in 
certain  types  of  air  pollutants  (particularly  oxides  of 
nitrogen)  such  that  it  would  be  difficult  to  satisfy  the 
1985  emissions  standard.  Also,  the  derived  HIOS  design  uses 
spray  ponds  instead  of  cooling  towers,  which  poSes  the 
potential  problem  of  water  vapors  rising  from  the  ponds 
during  certain  climatic  conditions.  In  addition,  the  use  of 
a conventional  biological  sewage  treatment  plant  has  an 
impact  on  community  land  allocation  because  of  its  size. 

This  study  indicates  that  the  HIOS  concept  is  capable  of 
supporting  a community  of  100  000  persons  while  conserving 
natural  resources  without  adversely  affecting  the  physical 
environment. 


Lyndon  B.  Johnson  Space  Center 

Nationa.1  Aeronautics  and  Space  Administration 
Houston,  Texas,  April  16,  1976 
386-01-00-00-72 
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TABLE  1.-  TUE  HTAC  SXSSSHS  EOR  VABTODS  DUILDIKG  TYPES 


«J  & 


to 

H 


Facility 

Air 

distribution 

Keating 

Cooling 

Hot  water 

Single-fa nily 
duellings 

Single  air  duct 
(no  return  dnct)  , 
single  zone  control 

Electric  heat 
puap> 

Slectric  boat 

pUBp 

Electric  hot- water 
heaters 

Tavnhouses 

Hot  applicable 

Electric  strip 
heater 

aultircoa  throngh- 
uall  central 
cozpression  systens 

Electric  hot-water 
heaters 

Garden  apactaents 

Hot  applicable 

Electric  strip 
heater 

Bultirooa  thtough- 
uall  central 
cospression  aystoBS 

Electric  hot-water 
heaters 

Schools 

single  air  duct, 
aultizene  control 

Boilers 

Electric  coupresslon 
chillers 

Boilers 

Shopping  centers 

Dual  air  ducts 

(supply  and  return)  , 
aultizone  control 

Boilers 

Electric  eoBpcession 
chillers 

Bailers 

Recreation  centers 

Tuo-plpe  systeu, 
aultizone  control 

Boilers 

Electric  coupresslon 
chillers 

Boilers 

Bediaa-  and 

high-rise  apartoents 

Pour-pipe  systen 

Boilers 

Electric  cospression 
chillers 

Boilers 

Office  buildings  . 

Dual  air  ducts, 
aultizone  control 

Boilers 

Electric  coupresslon 
chillers 

Boilers 

College 

Ivo-pipe  systea, 
aultizone  contrcl 

Boilers 

Electric  coupresslon 
chillers 

Boilers 

InnSf.  hots»l/  and 
1 hospital 

Dual  air  ducts, 
aultizone 
control 

Boilers 

Electric  coapression 
chillers 

Boilers 

tUsed  to  help  balance  the  electctcal  pcoflle 


I 


J. 


1 


I 
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TABLE  2.-  CONVENTIONAL  HATEE  SOPPLY  EQOIPMENT 


Pipe  size, 
cm  (in.) 

Length, 
m (ft) 

20  (8) 

142  006  (465  900) 

25  (10) 

34  823  (114  250) 

30  (12) 

1 158  (3  800) 

36  (14) 

77  434  (254  050) 

41  (16) 

18  837  (61  800) 

51  (20) 

4 968  (16  300) 

61  (24) 

9 616  (31  550) 

76  (30) 

16  093  (52  800) 

91  (36) 

15  362  (50  400) 

107  (42) 

26  304  (86  300) 

TABLE  3.-  lASTEHATEH  DISTRIBUTION  EQUIPHENT 


Pipe  size, 
cm  (in.) 

Length, 
■ (ft) 

20  (8) 

28  400  (93  175) 

25  (10) 

3 307  (10  850) 

30  (12) 

183  (600) 

38  (15) 

5 974  (19  600) 

46  (18) 

2 667  (8  750) 

53  (21) 

13  731  (45  050) 

61  (24) 

1 021  (3  350) 

69  (27) 

1 052  (3  450) 

76  (30) 

884  (2  900) 

84  (33) 

1 463  (4  800) 

91  (36) 

1 753  (5  750) 

107  (42) 

1 829  (6  000) 

137  (54) 

1 463  (4  800) 

152  (60) 

2 195  (7  200) 

TABLE  5,-  COHSDMABL.es  SAVINGS  AHD  HASTE  HEDDCTIOK 
RESULTING  EROH  USE  OF  HIUS  OPTIONS  COMPARED  TO  A COKTEKTIOHAL 

UTILITY  SYSTEM 


Resource 

Option  I sayings, 
percent 

Option  II  savings, 
percent 

Energy  sayings 

37o86 

33.  Gi: 

Hater  sarings 

17.5 

17.5 

Effluent  reduction 

27.1 

27.3 

Trash  load  reduction 

80.0 

30,0 

TABL2  G,-  TOTAL  CASH  ODTLAT  AKD  THE  OPBEATIOH  AHD  HAIHTEHAHCE  COST  FOR  QETIOHS  I 

AHD  XI  AHD  FOR  A COKTEHTIOHAL  SISTEH 
£Foe  1975-94  (1973  S)  J 


Expeaditnre 

Conventional 

Option  I 

Option  II 

Total  capital  outlay 

273  884  000 

255  877  000 

238  930  000 

Total  operation  and  naintenance 
(including  fuel) 

316  258  000 

279  458  OOG 

255  949  000 

T 4 

> 

Figure  1.-  The  MIUS  Community  Conceptual  Design  Study  logic. 
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Figure  4,-  Conventional  eleqtrical  generation  and  transmission 
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7. 6-m  (10  yd.  ) compactor 
containers  (12) 
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j Satellite-vehicle  and 

Shopping 
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Truck  collection  twice  daily 
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center  . 
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container  (1) 

Truck  collection  2 times/wk 
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Truck  collection  3 times/wk 


Townhouses 


Satellite-vehicle  and 
packer- truck  collection 
2 times/wk 


Middle 

school 


7.6-m^  (10  yd  ) Dempster 
Dumpster  Blue  Box 
Truck  collection  2 times/wk 
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7. 6-m  (1()  yd  ) compactor 
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7. 6-m  (10  yd  ) Dempster 

High 

containers  (4) 
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Dumpster  Blue  Boxes  (6) 

school 
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Figure  5.-  Conventional  solid-waste  management  subsystem 
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COHHUNITT  HODEL  SUPPORTIVE  DATA 


NEH-TOWN  DATA  SURVEY  FOE  MODEL  SELECTION 


Criteria  for  Model  Selection 

Because  climate  affects  the  design  of  the  modular 
integrated  utility  systems  (HIUS) , a region  of  "average" 
climate  for  the  United  States  was  selected  for  the  location 
of  the  model.  This  climate  was  determined  by  averaging  the 
degree-days  of  heating  for  each  of  the  14  new  towns  listed 
in  table  A-1. 

The  model  selected  had  to  represent  the  state  of  the  art 
of  new-town  design;  thus,  the  design  had  to  contain  new- 
community  characteristics  and  basic-community  structures  and 
components  that  represented  the  state  of  the  art.  Data 
availability  for  the  model  was  essential.  Also,  a 
reasonable  phasing  schedule  for  construction  and  a 
demonstrated  growth  pattern  consistent  with  the  planned 
phasing  schedule  were  necessary. 


State  of  the  Art  of  New-Town  Design 

The  distinguishing  characteristic  of  a new  town  as 
opposed  to  a development  is  the  inclusion  in  the  plan  of 
commercial,  recreational,  industrial,  and  institutional 
facilities  to  support  the  expected  population.  The  plan 
includes  a comprehensive  development  program  to  safeguard 
land  use.  Provisions  are  made  for  high-,  medium-,  and  low- 
density  housing,  with  no  restrictions  on  the  placement  of  a 
particular  density  in  any  special  section  of  the  new  town. 
Implementation  plans  include  an  administrative  body  to 
operate  and  maintain  the  public  service  systems  of  the 
community. 

The  three  basic  community  structures,  or  systems 
patterns,  used  in  the  design  of  new  communities  are 
designated  as  grid,  linear,  and  radial.  In  the  grid  scheme, 
the  town  is  arranged  in  an  overall  grid;  the  activity 
generators  are  at  the  midpoint  of  the  block,  and  the 
intersections  are  left  open.  The  linear-scheme  town  is 
usually  arranged  along  a transportation  system;  the  overall 
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layout  is  rectangular.  Where  the  radial  design  is  used,  the 
town  radiates  from  a central  activity  center. 

The  type  of  new  town  is  determined  by  its  surroundings, 
a new-town-in-town  is  a large-scale  redevelopment  of  an  area 
within  an  existing  community.  Satellite  new  towns  exist 
within  commuting  distance  of  a major  urban  areaj  thus,  the 
growth  of  the  new  town  is  economically  dependent  on  the 
larger  urban  area.  A freestanding  new  town,  which  is  a 
self-supporting  community,  is  not  dependent  on  an  existing 
urban  center.  Growth-center  new  towns  are  built  around  an 
existing  town,  generally  one  not  growing  or  one  that  is 
decaying,  with  the  existing  town  as  the  core  of  the  new 
town. 

Characteristic  building  blocks,  or  components,  are 
present  in  each  type  of  new  town.  The  basic  component  is 
the  neighborhood.  Neighborhoods  are  combined  to  comprise  a 
village.  The  village  center  consists  of  some  businesses  and 
shopping  facilities  for  the  village.  The  villages  surround 
the  central  business  district  (CBD)  of  the  new  town.  The 
CBD  contains  major  shopping,  commercial,  and  service- 
oriented  facilities.  A separate  industrial  section  is  the 
job  center  for  the  inhabitants  of  the  new  town. 


Model  Selection 

A survey  was  made  of  1h  prominent  American  new  towns. 
Projected  population,  dwelling  units,  acreage,  and 
population  density  were  compiled  to  provide  a determination 
of  the  average  new  town.  The  compilation  of  data  is  given 
in  table  A-1,  The  numerical  averages  of  the  data  presented 
for  the  14  new  towns  are  given  in  table  A-2.  A comparison 
of  the  numerical  averages  with  the  surveyed  ne^  towns 
resulted  in  four  candidates  in  the  average  range.  These 
candidates  were;  (1)  Columbia,  located  in  Howard  County, 
Maryland,  approximately  32  kilometers  (20  miles)  northeast 
of  Washington,  t),C,;  (2)  Heston,  located  in  Fairfax  County, 
Virginia,  approximately  29  kilometers  (IS  miles}  west  of 
Washington,  D.C.;  (3)  St.  Charles,  located  in  Charles 
County,  Maryland,  approximately  40  kilometers  (25  miles) 
southeast  of  Washington,  D.C.;  and  (4)  Park  Forest  South, 
located  in  Will  County,  Illinois,  approximately  48 
kilometers  (30  miles)  south  of  Chicago,  Illinois. 

These  four  new  communities  were  then  evalrnted  for 
compliance  with  the  selection  criteria  (table  .4-3)  . A value 
was  assigned  to  each  criterion  to  represent  its  relative 
importance.  Each  new  town  was  rated  high,  medium,  or  low  in 
each  category  by  judging  compliance  with  that  particular 
criterion.  The  value  of  the  category  was  multiplied  by  the 
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compliance  judgment  factor,  thus  assigning  values  to  the 
criteria  of  average  climate,  design  state  of  the  art,  size, 
projected  population,  projected  number  of  dwelling  units, 
population  density,  dwelling-unit  density,  building  mix  of 
the  design,  and  phasing  schedule  consistency.  The  numbers 
were  totaled,  and  the  town  with  the  highest  compliance  total 
— Columbia,  Maryland  — was  selected, 

Columbia  is  a satellite  new  community  with  a radial 
design.  Its  demonstrated  growth  pattern  is  consistent  with 
its  planned  phasing  schedule.  Columbia  is  the  best  known 
American  new  town  having  state-of-the-art  design  and 
excellent  data  availability. 


SATELLITE  NEW-TOWN  COMPONENTS 


The  components  of  the  new-town  model  used  for  this  study 
are  idealized  components  of  the  radial-scheme  design  of 
Columbia,  Maryland:  the  neighborhood,  the  village,  the 

village  center,  and  the  CBD.  One  of  the  major  factors  in 
such  design  is  the  placement  of  various  services  --  schools, 
shopping,  health  clinics,  employment,  etc.  — in 
relationship  to  the  basic  unit,  the  household.  Design  is 
predicated  on  walking  distance  from  the  household  to  the 
various  services.  Figure  A-1  shows  the  distance  and  time 
for  walking  to  such  facilities  and  services. 


Neighborhood 

The  concept  used  for  the  neighborhood  is  a combination 
of  Clarence  Perry's  and  clarence  stein's  neighborhood 
schemes  (ref.  A-1)  . Figure  A-2  shows  the  detail  of  the 
neighborhood.  The  design  is  such  that  the  elementary  school 
for  the  neighborhood  and  its  associated  community  facilities 
are  within  a 0.8-kilometer  (0,5  mile)  radius  of  the  outlying 
homes,  the  homes  farthest  from  the  facilities.  In  this 
radial  design,  it  is  not  essential  to  have  such  an  exact 
shape  (a  0.8-kiloraeter  (0.5  mile)  radius),  but  the  design  is 
best  when  all  sides  are  a fairly  equal  distance  from  the 
center.  Such  a neighborhood  must  contain  enough  people  to 
support  one  elementary  school.  To  maintain  the  neighborhood 
quality,  the  interior  streets  should  not  be  wider  than 
required  for  the  specific  type  of  access  to  each  house,  to 
shops,  and  to  the  village  center.  This  design  must  have 
guaranteed  open  spaces  with  approximately  10  percent  of  the 
neighborhood  area  in  parks  and  recreation. 
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A neighborhood  contains  a variety  of  housing  types  and 
densities.  Single-family  detached  houses  are  clustered  {the 
majority  around  cul-de-sacs)  to  provide  maximum  usable  open 
space.  Townhouses  and  garden  apartments  are  placed  nearest 
the  community  center  and  in  one  section  of  the  neighborhood. 

The  proposed  population  sizes  of  such  neighborhood 
designs  range  from  275  to  3000  families.  The  number  of 
families  in  a neighborhood  depends  on  the  development 
schedule  of  the  new  community  and  usually  is  approximately 
1500  families.  The  model  neighborhood  for  the  study  has 
1361  families. 

The  major  components  of  a neighborhood  are  the 
elementary  school  (one  in  each  neighborhood) , the  open  space 
with  parks  and  recreation,  pedestrian  ways,  vehicular 
avenues,  and  housing.  The  neighborhood  components  modeled 
for  this  study  are  713  single-family  detached  housing  units 
and  648  multifamily  housing  units.  The  multifamily  units 
consist  of  324  townhouse  units  and  324  garden  apartment 
units.  The  average  population  of  each  neighborhood  after 
development  is  5000  people.  The  developed  acreage  per 
neighborhood  is  134.4  hectares  (332  acres).  Open  space 
consists  of  13.4  hectares  (33  acres);  8.9  hectares  (22 
acres)  unstructured  open  space  and  4.5  hectares  (11  acres) 
devoted  to  parks.  The  total  neighborhood  area  is 
approximately  147.7  hectares  (365  acres) . 


Village 

The  major  village  components  are  the  neighborhoods,  the 
village  center  and  park,  and  open  space.  As  modeled  for 
this  study,  each  village  Hill  contain  three  neighborhoods 
and  one  village  center  (fig.  A-3) . The  village  concept  is 
based  on  Stein's  principle  of  three  "interlocking 
neighborhood  units"  (ref.  A-1) . This  arrangement  provides 
"social  extensive  units"  where  residents  have  choices  among 
different  social  groups.  The  village  center,  which  serves 
as  a hub  of  activity,  includes  office  areas  that  provide 
decentralization  from  the  CBD  and  enable  working  within 
walking  distance  of  housing.  Local  retail  for  approximately 
15  000  people  is  provided.  In  addition  to  housing  in  the 
neighborhood,  a variety  of  housing  types  and  densities  and 
additional  open  space  are  included  in  the  village  (fig. 

A- 4).  The  expected  -population  range  for  the  village  is  4000 
to  6000  families. 
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village  Center 

The  concept  of  the  village  center  is  a further 
development  of  Perry's  and  Stein's  principles.  Figure  A-4 
presents  a layout  of  the  village  center  of  the  model. 
Secondary  schools  form  the  hub  of  the  center.  The  village 
commercial  center  provides  basic  facilities  and  rudimentary 
services  related  to  homelife.  Hajor  recreational  facilities 
are  located  in  the  village  centers  for  communitywide 
participation;  furthermore,  a different  type  of  recreation 
is  provided  in  each  village  center.  In  this  study,  however, 
no  differentiation  will  be  made  between  villages;  each  will 
be  treated  as  a duplicate  of  all  other  villages.  In  the 
village  center,  high-density  residential  housing  exists  near 
the  village  center-  Religious  facilities  for  village 
residents  are  also  included. 

The  major  components  of  a village  center  are  secondary 
schools,  retail  stores,  offices,  service  stations,  religious 
facilities,  recreational  facilities,  high-density  housing, 
and  open  space  and  park  areas.  The  high-density  residential 
areas  in  the  center  provide  the  potential  community  resident 
with  an  additional  choice  in  housing  types  and  densities. 
This  housing  is  near  local  retail,  cultural,  and  employment 
facilities;  thus,  public  transportation  is  not  reguired. 

The  proposed  population  range  in  the  village  center  area  is 
300  to  400  families. 

The  village  center  modeled  for  this  study  contains  one 
high  school,  one  middle  school,  six  medium-rise  apartments, 
one  village  commercial  center,  one  recreational  building, 
two  service  stations  (modeled  for  water  use  only) , and 
religious  facilities  (assumed  to  be  used  during  times  that 
the  commercial  center  is  closed  or  operating  on  reduced 
loads)  . 

All  the  village  centers  in  the  model  community  are 
identical.  The  land  area  of  the  center  is  83.4  hectares 
(206  acres) . Development  within  the  center  occupies  69.2 
hectares  (171  acres),  leaving  14.2  hectares  (35  acres); 

10.1  hectares  (25  acres)  for  park  and  recreation  and  4.1 
hectares  (10  acres)  for  unstructured  open  space. 

fl  summary  of  the  local  retail  potential  of  the  village 
center  retail  establishments  appears  in  table  A-4.  This 
estimate  was  used  to  size  the  retail  space  for  the  village 
center. 
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Central  Business  District 

The  CBD  (fig=  a-5)  , the  nucleus  of  the  community,  is  the 
large  service  area  for  approximately  250  000  persons. 

Functionally,  it  connects  communitywide  services  such  as  the 
hospital,  college,  offices,  entertainment,  and  shopping. 

The  CBD  contains  regional  shopping  areas  for  the 
community.  Office  space  in  the  CBD  serves  the  market  for 
the  number  of  projected  potential  jobs  and  related 
activities,  Comrannity  service  functions  such  as  government, 
police-protection,  and  fire-protection  facilities  are  * 

included  in  the  office-area  allotments.  The  model, 

Columbia,  has  a large  amount  of  office  space  that  reflects 
the  type  of  jobs  in  its  growth  corridor.  Hotel/raotel 
accommodations  are  provided  for  visitors,  projected  age-  ^ 

group  studies  demonstrate  the  need  for  a community  college. 
High-density  housing  near  the  activity  center  increases  the 
variety  of  housing  and  density  choices  for  potential 
residents,  A hospital  is  provided  for  communitywide  health 
care.  Such  a community  center  must  furnish  space  for  other 
community  service  functions,  a service  station,  and 
entertainment  functions.  A system  of  parks  and  open  spaces 
connects  the  other  components  of  the  town  to  the  CBD. 

The  CBD  modeled  for  this  study  is  composed  of  one 
regional  shopping  center,  eight  office  buildings,  one  inn 
and  hotel  complex,  one  hospital,  one  community  college,  four 
high-rise  apartments,  four  service  stations  (modeled  for 
water  use  only)  , and  a performing  arts  center.  The  retail 
commercial  space  for  the  study  was  determined  from  a summary 
of  the  retail  commercial  potential  (table  A-5) . 


The  Conceptual  New  Town 

The  new  community  components  previously  described  form  ^ 

the  new  town.  The  model  for  the  study  consists  of  7 
villages;  each  village  contains  3 neighborhoods  (a  total  of 
21  neighborhoods)  and  the  CBD.  Figure  A-6  shows  the 

composite  new  town;  figure  A-7  depicts  the  detailed  layout.  j 

The  basic  data  concerning  the  conceptual  model  are  given  in 
table  A-6.  For  the  study,  all  neighborhoods  and  village 
centers  are  modeled  similarly. 


Sajor  Economic  Issues  Influencing  New-Community  Design 

The  most  important  factor  in  determining  the  size  of  the 
new  town  and  proceeding  with  development  is  a marketplace 
sufficient  to  sustain  large-scale  multiuse  development  — 


A-6 


that  is,  sufficient  regional  demand  for  land  and  a site 
location  to  attract  the  regional  market. 

Two  factors  are  critical:  (1)  markets  that  are  large  in 

relationship  to  the  size  of  the  development  and  (2)  the 
prospect  of  significant  market  penetration.  A market 
penetration  of  5 to  10  percent  is  possible.  Thus,  a 
metropolitan  market  with  an  overall  housing  demand  of  10  000 
units  a year  provides  a 500-  to  1000-unit  market  to  support 
the  financial  needs  of  a new  town.  To  achieve  this  goal, 
the  designer  must  create  strong,  competitive,  attractively 
designed,  and  effectively  merchandised  housing. 

The  essential  financial  measure  for  success  is  the  time 
lapse  between  the  investment  of  money  at  the  onset  and 
during  the  early  years  of  development  and  the  return  of 
funds  in  the  later  stages.  The  economic  feasibility 
threshold  for  such  a project  has  been  established  at  a 
pretax  rate  return  of  15  to  20  percent. 

Another  major  economic  issue  is  the  infrastructure  cost. 
A reasonable  goal  in  such  a new  community  would  be  a 38- 
percent  reduction  in  the  per  capita  cost  for  infrastructure. 
For  example,  if  it  cost  $1000  per  capita  to  build  streets, 
highways,  water  and  sewer  connections,  distribuiton 
facilities,  and  other  items,  then  the  appropriate  goal  would 
be  to  deliver  them  for  $620.  The  local  government  of  the 
new  community  must  generate,  in  a timely  manner,  enough  tax 
revenues  to  support  services  such  as  schools,  protection, 
general  administration,  roads,  recreational  programs,  and 
health  services. 


Construction  phasing 

The  two  major  aspects  of  phasing  are  "how  fast"  and 
"where  next."  The  most  important  single  constraint  is  the 
rate  at  which  the  region  surrounding  the  new  town  is 
growing.  The  amount  of  growth  that  will  occur  in  this 
surrounding  region  places  an  upper  limit  on  potential 
absorption. 

Formulation  of  a phasing  strategy  is  reduced  to  either 
balanced  social  and  economic  mix  or  balanced  land  use.  A 
balanced  social  and  economic  mix  is  difficult  to  accomplish 
because  economic  and  cultural  prejudices  exclude  the  poor. 
Balanced  land  use  has  a major  economic  factor  working 
against  it  in  the  early  phases.  The  residential  absorption 
is  a positive  contribution  to  each  flow,  and,  for  a while, 
the  commercial  centers  yield  a negative  net  income.  The 
developer  can  either  sell  the  development  rights  on  the 
first  center  or  let  the  first  residents  be  inconvenienced 
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until  the  positive  cash  flow  can  sufficiently  finance  the 
first  commercial  center.  In  the  study  model,  the  decision 
was  made  to  "preservice  the  development,”  This  strategy  is 
illustrated  in  an  estimated  construction  schedule  (fig. 

A-8)  , 

The  phasing  scheme  for  the  community  is  shown  in  a 
detailed  layout  (fig,  A-9) . For  this  study,  it  was  assumed 
that  all  three  neighborhoods  in  each  village  would  be 
developed  simultaneously.  Village  A and  village  G are 
developed  within  3 years,  which  means  that  each  of  the  three 
neighborhoods  within  those  villages  are  concurrently 
developed  with  the  village  according  to  the  schedule  shown 
in  table  A-7.  The  village  centers  for  those  villages  follow 
the  schedule  in  table  A- 8.  The  shopping  center  is 

constructed  in  the  first  year  of  the  village  development.  v 

The  other  villages  (B,  C,  D,  E,  and  F)  are  developed  on  a 4- 

year  plan.  Table  A-9  shows  the  phasing  of  the  neighborhoods 

within  those  villages.  Table  A- 10  displays  the  village 

center  phasing  for  those  vilages.  Again,  the  shopping 

center  is  activated  in  the  first  year  of  the  village 

development. 

The  CBD  is  much  more  complex  and  contains  many  different 
facilities  required  at  different  stages  of  the  community 
development.  The  first  facility  is  activated  during  the 
second  year  of  the  community  development  schedule  with 
completion  during  the  18th  year  (table  A-11). 

The  projected  population  (fig.  A-10)  indicates  the 
effect  of  the  phasing  schedule  on  the  growth  of  the 
community.  The  fastest  growth  occurs  in  the  first  5 years 
when  the  population  increases  to  10  000.  The  complete 
growth  in  20  years  yields  a population  of  110  000. 


Building  Types 

A detailed  description  of  the  building  types  is  required 
to  allow  preliminary  engineering  calculators  to  estimate 
utility  loads  and  to  establish  the  general  character  of  the 
building  types  selected  for  the  study.  For  each  building 
type,  important  design  areas  were  identified.  After 
selecting  the  prime  factor,  a schematic  plan  was  developed 
that  reflected  the  areas  of  concern,  code  restrictions,  and 
acceptable  design  standards.  From  the  schematic  drawing,  a 
preliminary  plan  was  developed  according  to  the  area 
requirements,  vertical  dimensions,  and  construction  types. 
The  plan  was  drawn  in  sufficient  detail  to  provide  the  basic 
information  for  preliminary  engineering  calculations.  The 
size  of  each  building  was  derived  from  guidelines  consistent 
with  acceptable  design  standards  based  on  the  function  and 
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market  potential  for  each  building  type.  The  community 
design  process  established  the  number  of  potential 
occupants.  That  number  specifies  the  building  size,  which 
is  derived  from  standards  established  by  codes  and 
principles  of  good  design. 

The  building  parameters  modeled  for  the  study  included 
facilities  deviation,  code  classification,  building  usage 
area,  vertical  dimensions,  building  construction 
description,  and  an  estimated  occupancy  profile. 


Typical  Construction  Details 

Typical  cross  sections  (figs,  A-1 1 and  A- 12) 
characterize  the  construction  types  of  the  representative 
buildings  necessary  for  determining  load  factors.  The 
number  of  types  was  limited  to  five  for  walls  (fig,  A-11) 
and  two  for  roofs  (fig,  A-12)  to  minimize  combinations  and 
still  provide  a range  of  construction  materials  used. 


Single-Family  Dwelling  Facility  Description 

The  single-family  dwelling  selected  to  characterize  the 
low-density  housing  of  the  town  was  abstracted  from  a 
Housing  and  Orban  Development  (HUD)  report  (ref.  A-2) . The 
house  model  was  developed  from  a statistical  survey  of 
housing  in  the  Baltimore- Washington,  D.C.,  area  and  is 
intended  to  be  used  solely  as  a tool  to  estimate  utility 
demands.  All  the  single-family  dwellings  in  the  new- 
community  model  are  described  in  table  A-12.  The  dwelling 
design  conforms  to  the  uniform  building  code  (OBC) 
classification  I standards  (dwellings  and  lodgings)  (ref. 
A-3) . Figure  A-13  depicts  the  floor  plan  of  the  single- 
family model. 


Townhouse  Facility  Description 

The  townhouse  selected  to  represent  this  dwelling  type 
in  the  medium-density  housing  areas  of  the  new  town  was 
abstracted  from  a HUD  report  (ref.  A-4)  . The  townhouse 
model  was  developed  from  a statistical  survey  of  multifamily 
housing  in  the  Baltimore-Washington,  D.C.,  area  and  is 
intended  to  be  used  solely  as  a tool  to  estimate  utility 
demands.  The  townhouse  has  the  same  UBC  classification  as 
the  single-family  dwelling  (ref.  A-3)  . Table  A-13  lists  the 
descriptive  data  on  the  model- townhouse.  The  floor  plan  of 
the  model  is  shown  in  figure  A-14.  To  determine  the 
heating,  ventilation,  and  air-conditioning  (HVAC) 
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requirements,  the  occupancy  profile  was  determined  for  all 
townhouses  in  a village  (fig.  A- 15) . 


Garden  Apartments  Facility  Description 

The  garden  apartments  (fig.  A-16)  were  designed  alike 
for  all  neighborhoods.  The  areas  of  primary  importance  in 
the  design  and  arrangement  of  garden  apartments  include  the 
circulation  of  vehicular  and  pedestrian  traffic,  unit 
density  per  hectare,  privacy  and  community  relationships, 
reasonable  maintenance,  economic  soundness,  and  modularity. 

The  design  conforms  to  UBC  classification  I standards. 
Figure  A-17  shows  the  floor  plan  for  a 5h-unit  module.  Six 
modules  comprise  one  set  of  neighborhood  apartments,  and  all 
the  modules  are  similar.  The  occupancy  profile  (fig.  A- 18) 
for  one  apartment  unit  is  the  average  occupancy  and  is  used 
in  calculating  HVAC  loads. 


Elementary  School  Facility  Description 

The  elementary  school  design  is  based  on  a neighborhood 
school  concept  that  places  an  elementary  educational 
facility  within  a 5-minute  walking  radius  of  every  house  in 
a neighborhood  of  approximately  5000.  The  size  of  the 
school  is  based  on  the  ratio  of  school-age  children  in 
kindergarten  through  the  fifth  grade,  projected  to  be  the 
national  average  in  1990  according  to  abstractions  from  the 
1970  census  report.  Area  requirements  of  the  OBC  were  used 
for  each  type  of  functional  area,  and  the  design  adheres  to 
UBC  classification  c-1  standards.  Table  A-14  lists  the 
descriptive  features.  The  physical  plant  is  designed  to 
house  360  children  and  all  necessary  support  personnel. 

Of  prime  consideration  in  the  design  of  such  an 
elementary  school  (fig,  A-19)  is  the  compatibility  with 
construction  school  design  systems.  This  system  includes 
flexible  classroom  space  for  team  teaching,  rapid 
construction,  and  less  expensive  interim  financing  because 
of  performance  specification  systeis,  premanufactured 
components,  and  phase  construction.  The  construction  must 
be  durable,  and  the  design  must  provide  for  ease  of 
supervision  of  student  activities.  There  must  be  adequate 
food  service  and  assembly  spaces  for  educational  and 
community  uses.  Finally,  an  acceptable  relationship  between 
the  school  and  playgrounds  and  vehicular  pickup  areas  must 
exist.  Figure  A-20  portrays  the  estimated  occupancy  profile 
for  one  neighborhood  elementary  school.  The  profile  was 
used  in  calculating  utility  loads. 


Village  Center  Commercial  Facility  Description 

The  size  of  the  village  center  commercial  facility 
(table  A- 15)  is  based  on  a combined  regional  and  local 
marketing  approach.  It  was  designed  on  a 1,5-meter  (5  foot) 
planning  module  or  grid  in  a 9.1-  by  9.1 -meter  (30  by  30 
foot)  structural  bay  format  to  allow  for  structural 
efficiency  and  compatibility  of  finish  materials.  The  large 
area  shown  in  figure  h-21  was  allocated  for  an  activity 
generator  of  the  village  center  shopping.  This  area  is 
typical  of  the  lease  space  for  many  national  chain 
supermarkets.  The  adjacent  9.1-  by  18.2-meter  (30  by  60 
foot)  lease  spaces  are  typical  small-shop  spaces  and 
professional  offices.  The  model  design  complies  with  OBC 
classification  P-2  standards. 

The  location  of  the  commercial  facility  is  important. 
Access  to  major  roads  and  to  store  service  areas  must  be 
provided,  and  there  must  be  proper  circulation  of  pedestrian 
and  vehicular  traffic.  The  model  design  satisfies  these 
factors.  Utility-load  calculations  for  the  village 
commercial  area  were  based  on  the  estimated  occupancy 
profile  shown  in  figure  A-22. 


Recreational  Building  Facility  Description 

The  recreational  building,  located  in  the  village  center 
within  a 10-minute  walk  of  the  village  inhabitants,  is  sized 
to  serve  a village  of  approximately  15  000  people  and  has 
the  capacity  to  house  an  olympic-size  swimming  pool,  an  ice- 
skating  rink,  or  several  court  games.  The  building  shell  is 
designed  as  a repeat  module.  There  are  seven  recreational 
buildings,  one  for  each  village  center.  Four  village  center 
recreational  buildings  house  olympic-size  swimming  pools; 
another  building  contains  an  ice-skating  rink;  another 
building  houses  a basketball  court;  and  the  seventh  building 
provides  space  for  other  court  games.  Figure  A-23  depicts 
the  site  and  floor  plans.  The  design  complies  with  UBC 
classification  B-4  standards, 

When  designing  such  a recreational  building, 
consideration  must  be  given  to  providing  adequate  dressing 
and  toilet  facilities  for  the  building  and,  in  the  instance 
of  the  study  model,  the  adjacent  open  park  space.  Food 
service  and  adequate  storage  space,  sufficient  parking  and 
vehicular  pickup  facilities,  and  good  pedestrian  access  must 
be  included.  A suitable  relationship  must  exist  between  the 
building  and  the  open  park  space.  Figure  A-24  displays  the 
occupancy  profile  used  in  calculating  the  utility  loads  of 
the  building. 
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Hediura-Eise  Apartment  Facility  Description 

The  medium-rise  apartment  buildings  (six  for  each 
village  center)  were  designed  to  provide  an  alternate  living 
facility.  The  design  adheres  to  the  center  corridor 
concept,  which  is  well  suited  for  a medium-rise  structure. 
Various  individual  apartment  layouts  that  provide  a range  of 
choices  for  the  resident  are  available.  This  plan  reflects 
the  high-density  ratio  common  to  medium-rise  apartments. 
These  apartments  have  10  floors  of  apartment  units  with  10 
apartment  units/floor  (a  total  of  100  units/building)  . 

The  design  and  arrangement  of  medium-rise  apartments 
must  provide  privacy  for  the  residents.  Structural 
efficiency  is  a major  concern  in  such  a design.  Elevator 
core  location  must  provide  proper  access  to  the  apartments 
without  wasting  space.  For  our  mobile  society,  the  parking 
ratios  are  important.  The  design  of  the  medium-rise 
apartments  complies  with  UBC  classification  H standards 
(high-rise  residential)  . 

Table  A-16  gives  the  descriptive  data  on  the  building. 
Figure  A-25  illustrates  the  floor  and  site  plan  of  one 
apartment  building.  Figure  A-26  shows  the  occupancy  profile 
used  for  calculating  utility  loads  for  one  medium-rise 
apartment  building. 


Middle  School  and  High  School  Facility  Descriptions 

The  middle  school  and  the  high  school  (one  each  in  the 
village  center)  are  designed  to  serve  a village  population 
of  approximately  15  000.  The  space  requirements  are  based 
on  the  ratio  of  school-age  children  in  grades  6 to  8 for  the 
middle  school  and  in  grades  9 to  12  for  the  high  school  to 
total  population,  projected  to  be  the  national  average  in 
1990  according  to  abstractions  from  the  1970  census  report. 
Table  A- 17  lists  the  descriptive  data  for  the  middle  school 
building,  and  table  A- 18  lists  the  data  for  the  high  school 
building.  Area  reguirements  of  the  UBC  have  been  used  for 
each  type  of  functional  area.  The  physical  plant  for  each 
school  building  is  designed  to  house  1140  students  and  all 
necessary  support  personnel.  Figure  A-27  depicts  the  floor 
plan  of  the  middle  school;  figure  A-28,  the  high  school. 

The  schools  are  situated  within  a 10 -minute  walking 
radius  of  the  village  and  are  designed  to  be  adjacent.  Both 
schools  have  a similar-sized  student  body;  furthermore,  both 
schools  share  science  laboratories,  craft  and  art  shops, 
assembly  and  performing  arts  spaces,  and  practice  and 
playing  fields.  This  consolidation  of  facilities  provides 
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the  student-body  size  necessary  to  support  a wide  variety  of 
programs. 

Compatibility  with  construction  school  design  systems 
(the  system  used  in  the  elementary  school  design)  was  a 
primary  concern  in  designing  both  buildings.  This  system 
includes  flexible  classroom  spaces  for  team  teaching,  rapid 
construction,  and  less  expensive  interim  financing  because 
of  performance  specification  systems,  premanufactured 
components,  and  phase  construction.  The  design  provides  for 
durable  construction.  Adequate  service  and  expanded 
educational  facilities  must  be  provided.  Ease  of 
supervision  of  student  activities  and  entry  and  egress 
control  of  the  physical  plants  are  important  design 
considerations. 

Both  buildings  comply  with  UBC  classification  C-1 
standards.  The  occupancy  profile  shown  in  figure  A-29  is 
the  same  for  both  buildings.  The  chart  was  used  to  compute 
the  utility  loads  for  each  school  building. 


Regional  Shopping  Center  Facility  Description 

t 

The  size  of  the  regional  shopping  center  is  based  on  a 
regional  marketing  approach.  Table  A- 19  lists  the  building 
usage  size,  the  vertical  dimensions,  and  the  construction 
description.  This  size  commercial  center  is  necessary  to 
serve  a satellite  or  freestanding  community  with  a 
population  of  approximately  250  000.  Figure  A-30  shows  the 
completed  facility  after  20  years,  but  the  construction  of 
the  shopping  center  is  modular.  The  center  is  activated  a 
module  at  a time  according  to  the  phasing  schedule 
(fig.  A-8) . One  module  is  shown  in  figure  A-31;  three  such 
modules  exist  in  the  completed  center,  Hany  shopping 
centers  currently  being  planned  are  in  the  size  range  of  one 
of  the  modules;  thus,  current  information  on  design  and 
construction  was  available.  A shopping  center  of  this 
magnitude  can  also  support  a variety  of  functions  required 
to  provide  complete  service  to  the  community. 

In  the  design  and  arrangement  of  a regional  shopping 
center,  location  is  important  because  there  must  be  access 
to  major  roads.  The  design  must  provide  good  circulation  of 
pedestrian  and  vehicular  traffic  and  supply  access  to  store 
service  areas.  Proper  parking  ratios  for  patrons  are 
necessary.  Hodern  marketing  amenities  are  required  to 
ensure  continued  consumer  activity.  Host  important,  the 
economic  base  must  exist  for  the  center. 

The  model  regional  shopping  center  complies  with  UBC 
classification  F-2  standards  (wholesale  and  retail  stores. 
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offices,  and  drinking  and  dining  establishments)  . The 
original  occupancy  profile  was  assumed  to  be  that  indicated 
by  the  dotted  line  in  figure  A-32;  however,  the  refined 
profile  defined  by  the  solid  line  was  used  in  calculating 
the  utility  loads. 


High-Rise  Office  Building  Facility  Description 

The  office  building  used  to  represent  the  lease  office 
space  planned  for  the  comnmnity  is  based  on  a recently 
constructed  project  that  is  representative  of  many  ^ 

speculative  office  buildings  being  built  nationwide.  Table 
A-20  lists  the  data  for  one  tower  or  one  office  building. 

Figure  a-33  illustrates  two  towers  or  buildings  constructed 

as  a set.  The  CBD  contains  four  such  sets,  or  a total  of 

eight  12-story  office  buildings,  ^ 

When  an  office  building  is  being  designed,  a high 
efficiency  ratio  of  rentable  floorspace  to  the  total 
floorspace  must  be  considered.  The  floorspace  should  be 
easily  divisible  into  small  lease  areas,  if  desired.  There 
must  be  an  efficient  arrangement  of  core  facilities,  and 
parking  facilities  must  be  available  in  acceptable  parking 
ratios  to  provide  sufficient  space  for  tenants  and  their 
customers. 

The  office  building  design  complies  with  UBC 
classification  F-2  standards.  Figure  A-34  illustrates  the 
occupancy  profile  used  in  calculating  the  utility  loads  of 
each  office  building. 


High-Rise  Apartment  Facility  Description 

The  CBD  contains  four  high-rise  apartment  buildings 
offering  residents  another  form  of  living  accommodations. 

The  data  on  one  such  building  are  listed  in  table  A-21. 

Each  building  has  ,32  floors,  21  of  which  contain  apartment 
units,  10  units  on  each  floor,  for  a total  of  210 
units/building.  Figure  A-35  illustrates  the  site  and  floor 
plan  of  one  building. 

The  high-rise  apartment  building  design  was  based  on  the 
center  corridor  concept,  which  is  well  suited  to  such  a 
structure.  A variety  of  individual  apartment  layouts  was 
provided.  The  plan  for  the  building  reflects  the  high- 
density  ratio  common  to  high-rise  apartments.  Structural 
efficiency,  privacy,  elevator  core  location,  and  the  parking 
ratio  were  important  design  and  arrangement  considerations. 
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The  structural  design  complies  with  UBC  classification  H 
standards  (high-rise  residential)  « Figure  a-36  depicts  the 
occupancy  profile  for  one  high-rise  apartment  building. 

This  profile  was  used  in  calculating  utility  loads  for  each 
of  these  buildings. 


Community  College  Facility  Description 

The  community  college  is  sized  to  serve  the  adult 
education  needs  of  a satellite  or  freestanding  community  of 
approExmately  100  000  based  on  statistical  information  from 
Columbia,  Maryland,  concerning  existing  facilities  and  their 
growth  projections.  The  college  is  designed  with  a linear 
core  concept  to  facilitate  expansion  and  to  provide  a 
central  space  for  community  interaction. 

The  community  college  and  other  school  buildings  in  the 
community  are  designed  to  be  compatible  with  the 
construction  school  design  systems  previously  discussed. 
Future  expansion  was  a prime  concern  in  the  facility  design. 
Also,  adequate  shop  and  laboratory  facilities  for  technical 
education  programs  were  provided. 

Table  A-22  lists  the  building  usage  size,  the  vertical 
dimensions,  and  the  construction  description.  The  building 
adheres  to  UBC  classification  C-1  standards.  The  floor  plan 
of  the  model  college  is  shown  in  figure  A-37.  Figure  A-38 
illustrates  the  occupancy  profile  of  the  college  used  in 
calculating  utility  loads. 


Inn  and  Hotel  Complex  Facility  Description 

The  inn  and  hotel  complex  (fig.  A-39)  is  sized  to 
provide  adequate  guest  accommodations  for  a satellite  or 
freestanding  community  of  approximately  100  OOO  people  based 
on  the  planning  program  for  Columbia,  Maryland.  The  design 
provides  definite  market  appeal;  e.g.,  the  rooms  have 
private  balconies  oriented  to  a desirable  view.  Adequate 
convention,  restaurant,  bar,  recreational,  and  laundry 
facilities  are  provided.  Accessibility  to  major  roadways, 
sufficient  parking,  and  good  vehicular  circulation  were  of 
prime  concern  in  the  design.  An  efficient  structural  system 
and  a core  facility  are  desirable  for  high-rise 
construction.  The  overall  construction  of  the  complex 
enables  the  phasing  of  construction  with  market  demand. 

The  construction  of  the  complex  is  designed  to  be  built 
in  two  phases  paralleling  the  growth  of  the  town.  Table 
A-23  lists  the  descriptive  data  on  the  various  elements  of 
the  complex  for  both  phases.  The  site  plan  (fig.  A-40) 
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shows  the  layout  of  the  complex  and  the  phasing  of  the 
various  elements.  Phase  I includes  a 75-roora  3-story  motor 
inn  (see  fig,  A-41  for  a similar  floor  plan)  , a 200-room 
high-rise  hotel  (fig.  A-42) , and  support  facilities.  In 
phase  II,  the  construction  plan  includes  another  75-room  3- 
story  motor  inn,  2 more  200-room  high-rise  hotel  towers 
{with  restaurants) , and  support  facilities.  A small 
convention  center  with  two  banquet  rooms  and  a large 
freestanding  restaurant  are  also  included  in  phase  II, 

All  buildings  within  the  inn  and  hotel  complex  comply 
with  OBC  classification  H standards.  Occupancy  profiles 
representing  one  phase  of  the  low-rise  inn  (fig,  A-43)  and 
one  high-rise  hotel  tower  (fig.  A-44)  were  used  to  calculate 
utility  loads.  These  profiles  include  the  restaurant  and 
banquet  rooms. 


Community  Hospital  Facility  Description 

The  basic  capacity  of  a community  hospital  is  from  150 
to  450  beds.  A 384-bed  capacity  was  selected  for  this  study 
because  this  size  will  provide  for  a full  range  of  medical 
services  needed  for  a community  of  approximately  100  000, 
and  because  many  hospitals  originally  planned  in  the  150-  to 
200-bed  range  are  expanded  over  the  years  to  400  beds. 

Because  circulation  and  separation  of  various  activities 
are  prime  generators  in  the  functioning  and  efficiency  of  a 
hospital,  they  affect  its  design  and  arrangement.  The 
nurses'  station  on  a floor  is  a prime  generator  of  form  and 
is  directly  related  to  circulation.  Hechanical  systems 
arrangement,  accessibility,  and  adaptability  are  important 
design  considerations.  Also,  future  expansion  is  an 
essential  criterion  for  any  hospital. 

The  model  hospital  complies  with  UBC  classification  D-2 
standards.  Building  usage  size,  vertical  dimensions,  and  a 
description  of  the  building  construction  are  listed  in  table 
A-24.  The  floor  plan  and  site  plan  of  the  hospital  are 
depicted  in  figure  A-45.  The  dotted  lines  illustrate  the 
possible  expansion  of  the  hospital.  Figure  A-46  illustrates 
the  occupancy  profile  used  in  calculating  utility  loads. 


A-16 


I 


I 


I 


KBFBBEHCES 


A-1*  Hiller,  B.;  Pinney,  H.;  and  Saslon,  W.s  innovations 
in  Hev  Coannnities.  HI7  Press,  1972. 

A-2,  Hesidential  Energy  ConsuMption,  Single-PaMily  Hottsiag, 
Rep,  no,  HnD-HAI-2,  Hittnan  Associates,  Inc,,  1972. 

A-3.  Dnifori  Building  Code.  Internat.  Conf-  Build. 
Officials  (Whittier,  calif.),  1970. 

1-4,  Residential  Energy  Consuaption,  Hulti-Faaily  Housing 
Data  Acguisition,  Hep.  no.  HDD-HAI-3,  Hittaan 
Associates,  Inc.,  1972« 


A-17 


ORIGINAL  PAGE  IS 
OP  POOR  QUAUPY 


TABLE  A-1.-  SUBHABlt  OF  DATA 


Bqv 

^Jstellite 
' •oaaunit.y 

Location 

Cliaate, 

deg-day 

Projected 

population 

Area, 
ha  (acre) 

troodlands 

Tex. 

1396 

150  000 

6854.2  (16  937) 

coluabia 

Hd. 

4224 

110  000 

S665.6  (14  000) 

Beston 

Va. 

4224 

75  000 

2994.7 

(7  400) 

Gananda 

H.¥. 

4B71 

110  000 

4249.2  (10  500) 

Flower  Hound 

Tex. 

2363 

64  141 

2491.2 

(6  156) 

Sbenandoah 

Ga. 

2961 

70  000 

2913.7 

(7  200) 

San  Antonio 

Tex. 

1396 

68  000 

3726.7 

(9  209) 

5t.  Cba El es 

Hd. 

4224 

75  000 

3197. 0 

(7  900) 

Riverton 

B.r. 

4871 

27  000 

944.9 

(2  335) 

Park  Forest 
South 

111. 

5882 

110  000 

33S5.2 

(8  291) 

Kauaelle 

Ark. 

3850 

45  000 

2144.8 

(5  300) 

Jonathan 

Hinn. 

8382 

50  000 

2428, 1 

(6  000) 

Lysander 

H.  Hex. 

4871 

18  000 

1080.5 

(2  670) 

Barbison 

Hd. 

4871 

20  000 

809.4 

(2  OOO) 

8 AIlBarCAB  SATELLITE  KEH  TOBHS 


Duelling 

units, 

no. 

Population, 
no. /ha 
(DO. /acre) 

Duelling  units, 
no. /ha 
(no. /acre) 

Plan 

Developaent 

schedule, 

yc 

49  160 

21.88  (8.85) 

7.16  (2,90) 

Grid 

20 

30  000 

19.39  (7.85) 

5.29  (2.14) 

Radial 

19 

26  000 

25.02  (10.13) 

8.67  (3.51) 

Radial 

22  500 

25.89  (10.48) 

5.29  (2.14) 

Grid 

18  326 

25.74  (10.42) 

7.34  (2,97) 

Grid 

17 

23  000 

24.01  (9.72) 

7.90  (3.20) 

Badial 

28  200 

23.61  (9.56) 

7.71  (3.12) 

Radial 

30 

25  855 

23.44  (9.49) 

8.10  (3,20) 

Grid 

- - 

8 010 

20.56  (11.36) 

8.50  (3.44) 

Badial 

15 

35  000 

32,73  (13.27) 

10.45  (4.23) 

Badial 

. - - 

14  349 

20.97  (8.49) 

6.69  (2.71) 

Radial 

20 

15  500 

20.58  (8.33) 

6.37  (2.58) 

Badial 

20 

5 OCO 

16,65  (6.74) 

4.62  (1.87) 

EtadlaX' 

- - 

6 000 

24,70  (10.00) 

7.41  (3.00) 

Grid 

TABLE  A-2.-  SUMHASY  OF  A7BHAGE  DATA  FOB 


14  HEH  SATELLITE  TOSHS 


Category 

Value 

Projected  population  •••* 

Area^  ha  (acre)  o*.  

Duelling  units,  no«  

Population,  no. /ha  (no. /acre)  . « 

Dwelling  units,  no, /ha  (no. /acre) 

Developaent  schedule,  yr 

71  700 
2970.4  (7340) 
21  600 
24.14  (9.77) 
7,27  (2.94) 
20 
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TABLE  A-3.-  SS8-TOHH  SELECTIOB  CHITEBlft  COH?LIASCE 


Hoe  to«Q 

Average 
Clin ate 

Design 
state 
of  the 
art 

Size 

Projected 

population 

Projected 
d veiling  units 

Population 

density 

Dvelling- 

unit 

density 

Building 

nix 

Phasing 

schedule 

consistency 

Total 

Assigned  ralaes  for  study  laportance 

— 

10 

7 

4 

4 

... 

4 

7 

7 

7 

Assigned  values  aultiplied  by  conpllance  fudgaent  factor* 

colunbia 

30 

1« 

B 

s 

12 

14 

7 

21 

21 

135 

Boston 

30 

14 

12 

12 

12 

14 

14 

7 

7 

122 

St.  Charles 

30 

14 

12 

4 

4 

21 

14 

14 

7 

120 

Park  Forest 

30 

14 

B 

12 

4 

7 

7 

14 

7 

103 

South 

tCoBpIlance  jadgietit  factors  are  high  (3) , aedlua  (2)  , aad  lotr  (1} 


taBLE  A-4.-  FOBECaSTED  LOCaL  2BTA1I.  POTEHTiaL  FOE  OHE  FILLaOE  CEHTER 


Paraneter 

Value 

Hunber  of  families  in  secvice  area  

5000 

Eetiaated  average  incone  per  fasilj  .......... 

$15  000 

aggregate  Incone  .....  

$75  000  000 

Convenience- goods  expenditures  (as  percent 

of  aggregate  incoae)  ................. 

20 

Convenience-goods  expenditures  

$15  000  000 

Capture  rate^  percent  .......... 

50 

Convenience-goods  sales  potential  ........... 

$7  500  000 

Beguired  sales  pet  year,  S/n®  (S/ft®) 

1076  (100) 

Supportable  convenience-goods  retail 
space,  e®  (it^)  

6967  (75  000) 

TABI.E  A- 5.-  FORECASTED  RETAIL  COMMERCIAL  POTENTIAL  FOR  THE  CBD 


Paraaeter 

Value 

Eunber  o£  families  

83  000 

Sstiaated  average  incone  per  fanily  ... 

$15  000 

Aggregate  incone  ...... 

$1  245  000  000 

Convenience-goods  expenditures  (as  a 

percent  of  aggregate  incone)  ...... 

20 

Convenience-goods  espenditnres  ..... 

$249  000  000 

Hes-toan  capture  rate,  percent  ..... 

50 

Convenience-goods  sales  potential  .... 

$124  500  000 

Beguired  sales  per  year,  $/n®  ($/ft®)  . . 

1076 

(100) 

Supportable  convenience-goods  retail 

space,  B®  (ft®)  .....  

115  664 

(1  245  000) 
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TABLE  H-6,-  COHCEPTBAL  NEW  TOWN 


Parameter 

Value 

Target  population  .....  

no  000 

Development  period,  yr  ** 

20 

Villages,  no 

7 

Neighborhoods,  no.  ...  

21 

Gross  density,  no. /ha  {no. /acre)  ... 

22.2  (9) 

Institutional  facilities: 

Elementary  schools,  no 

21 

Secondary  schools,  no.  

14 

community  colleges,  no . . 

1 

Bospitals,  no. 

1 

Land  use: 

Residential,  ha  (acre)  ....... 

2819.9 

(6968) 

Industrial,  ha  (acre)  

463.0 

(1144) 

Comraercial/of fice,  ha  (acre)  .... 

481.1 

(1189) 

Permanent  open  space: 

Unstructured/roads p ha  (acre)  ... 

434.2 

(1073) 

Parks,  ha  (acre) . • , . 

420.5 

(1039) 

Golf  courses,  ha  (acre) 

121.4 

(300) 

Lakes,  ha  (acre)  

115.3 

(285) 

Total  open  space,  ha  (acre) i . . 

1091.4 

(2697) 

Total  area,  ha  (acre)  ...... 

4855,4 

(1  1 998) 

1 Population  density:  9.91  ha/1000  (24.5  acres/1000) 


T&BLE  A-9."  POOR-rEAE  HEIGHBORHOODS 


Facility 

Quantity 

Year  activated 

1 

2 

3 

4 

Garden  apartments 

162 

X 

X 

Single-family  detached 
housing 

178 

X 

X 

X 

X 

Townhouses 

108 

X 

X 

X 

Elementary  schools 

3 

X 

TABLE  A-10.“  POOE-TBAE  VILLAGE  CEHTER 


Facility 

Quantity 

Year  activated 

1 

2 

3 

4 

Shopping  center 

1 

X 

Office  building 

1 

X 

X 

High-rise  apartments 

3 

I 

I 

X 

X 

Recreation  center 

1 

X 

Hiddle  school 

1 

X 

High  school 

1 

X 

TABLE  A-12.-  SIHGLE-FAHILT  DBELLIHG  DESCHI  x'XOH 

(a)  Building  usage 


Unit 

Area,  (ft*) 

Living  rooa 

20.07  (216) 

Dining  rooa 

13-94  {150} 

Kitchen 

10-22  (110) 

FaMily  roOK 

17.37  (187) 

Bath  and  hall 

£52) 

Total  ground  floor 

69.68  (750) 

Haster  bedroom 

18.21  (196) 

Bedroota  1 

9.29  (100) 

BedrooH  2 

11.43  (123) 

BedrooB  3 

16.72  (180) 

Bath  and  hall 

..14.03  (151) 

Total  second  floor 

69.68  (750) 

Total  comfort-conditioned  area 

139.36  (1500) 

Total  enclosed  area 

139.36  (1500) 

(b)  Diaensiotts  and  construction 


7orticaX  diaensionss 

Flo  or- to- floor  height,  m {ft) - . 2-74  (9) 

Floor-to-ceiling  height,  « {ft)  «-*«-•-  2*44  (8) 

Building  constructions 

Type  of  »all  (fig*  A- 11)  No. 3 

Type  of  roof  {fig.  A-12)  •••••*•«•,  Ho-  2 

Type  of  glazing - Single  pane 

Percentage  of  glass  in  esterior  walls  • - • • 13 


> 
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TABLE  A- 13.-  TOWBHODSE  DESCHIPTIOH 
(a)  Building  usage 


Unit 

Area,  m*  (ft*) 

Family  rooii 

11.52  {124) 

Kitchen 

8.73  (94) 

Living  room 

22.30  (240) 

Bath  and  hall 

17,84  f192) 

Total  ground  floor 

60.39  (650) 

Master  bedroom 

20.07  (216) 

Bedroom  1 

8.92  (96) 

Bedroom  2 

13.84  (149) 

Bath  and  hall 

17.56  M891 

Total  second  floor 

60.39  . (650) 

Total  comfort-conditioned  area 

120.78  (1300) 

Total  enclosed  area 

120.78  (1300) 

(b)  Binensions  and  construct ion 


Vertical  dinessions; 

yioor- to- floor  height,  n {ft) 3.05  (10) 

Floor-to-ceiling  height,  m (ft)  •••••..  2.74  (9) 

Building  construction: 

Type  of  wall  {fig.  A- 11)  Bo,  1 

Type  of  roof  (fig.  A- 12) Ho.  2 

Type  of  gla2;ing  Single  pane 

Percentage  of  glass  in  exterior  vails  , . • • 14 
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TABLE  ELEHEKTARt  SCHOOL  DESCRIPTION 


(a)  Building  usage 


Unit 

Area,  (ftz) 

classrooms 

954.67  (10  276) 

Library 

280,29  (3  017) 

Administration 

167.23  (1  800) 

cafetorium 

334.45  (3  600) 

Kitchen 

111.48  (1  200} 

Restrooms 

78.97  (850) 

Hails 

141.68  (1  525) 

Total  comfort-conditioned  area 

2068.77  (22  268) 

Total  enclosed  area 

2068.77  (22  268) 

(b)  Diaensions  and  construction 


Vertical  dimensions; 

Floor-to-floor  height,  a (ft) 3,66  (12) 

Floor-to-ceiling  height,  m (ft) 2.74  (9) 

Building  construction: 

Type  of  Hall  (fig.  A-11)  Ho.  5 

Type  of  roof  (fig.  A-12)  Ko.  1 

Type  of  glaising  Single  pane 

Percentage  of  glass  in  exterior  walls  .....  21.5 


TABLB  A-15*-  VILLAGE  CEHTSH  COHMEECIAL  FACILITt  BESCRIPTIOH 


(a>  Buildiag  usage 


Unit 

Area,  a*  (ft*J 

Supermarket 

3010.06  (32  400) 

Betail  comaercial 

1003.35  {10  800) 

Office  lease  space 

1003.35  (10  800) 

Hall 

543,48  (5  850) 

Total  comfort-conditioned  area 

5560.24  (59  850) 

Total  enclosed  area 

5560.24  (59  850) 

(b)  Dinensions  aad  con sl:ructioQ 


Vertical  diaensions; 

Floor-to-f loor  height,  » (ft) 

Offices  and  stores  3<,35{11) 

Supermarket  ..............  5.49  (18) 

Hall 4.57  (15) 

Floor-to-ceiling  height,  a {f±) 

Offices  and  stores 2.74  (9) 

Supermarket  .......•••.s..  4*88  (16) 

Building  constructions 

Type  of  wall  (fig.  &-11)  Ho.  1 

Type  of  roof  (fig.  Ho.1 

Type  of  glaring  Single-pane 

glass  skylight 

Percentage  of  glass  in  exterior  walls  . • 51 
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TWLE  i-16.-  MEDIUM-RISE  APIHTMEMT  DESCHIPTIOH 
(at)  Building  usage 


Unit 

Area,  m*  (ft®) 

Service/entry  floor 

1 

217. 

.03 

(13 

100) 

Typical  apartment  floor  (multiplied 

by  number  of  floors  (10)) 

12 

170. 

.29 

(131 

000) 

Total  comfort-conditioned  area 

13 

387. 

.32 

(144 

100) 

Total  enclosed  area 

13 

387. 

.32 

(144 

100) 

(b)  Dinensions  and  construction 


Vertical  diaensionss 

Flo or- to- floor  height,  ■ (ft) 

ServicG/entry  floor  .•••«..  a.  ••  3.65  (12) 

Typical  apartnent  floor  2.90  (9*5) 

Floor-to-ceiling  height,  ■ (ft) 

Service/entry  floor  • 3*51  {11. 5) 

Apartments  2.74  (9) 

Corridors  2.29  (7.5) 

Building  constructions 

Type  of  mall  (fig.  a-11>  . . . ....  ..  No.  5 

Type  of  roof  (fig.  A- 12)  No.  1 

Type  of  glazing  Double  pane 

percentage  of  glass  in  exterior  walls  ...  63 
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TABLE  1-17.-  HIDDLE  SCHOOL  DESCBIPTIOB 
(a)  Building  usage 


Onit 

Area,  a*  (ft*) 

ClassrooBs 

2956.64  (31  825) 

Husic 

334.45  (3  600) 

Library 

362.32  (3  900) 

Offices 

195.10  (2  100) 

Adainistration 

445.93  (4  800) 

Kitchen 

195.10  (2  100) 

Cafeteria 

418.06  (4  500) 

Bestrooas 

148.64  (1  600) 

Halls 

316.33  (3  4051 

Total  coaf ort-conditioned  area 

5372.57  (57  830) 

Gyanasiua 

668.90  (7  200) 

Hechanical  rooa 

334.45  (3  6001 

Total  enclosed  area 

6375.92  (68  630) 

(b)  Diaensions  and  construction 


Vertical  diaensions: 

Floor-to-floor  height,  a (ft)  3.66  (12) 

Floor-to-ceiling  height,  a (ft)  2.74  (9) 

Building  construction: 

Type  of  wall  (fig.  A- 11). .........  Ho.  5 

Type  of  roof  (fig.  A-12) Ho.  1 

Type  of  glazing  .......  Single  pane 

Percentage  of  glass  in  exterior  walls  ...  21.5 


• } 
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TaBLE  a-18,-  HIGH  SCHOOL  DESCEIPTIOH 


{a}  Building  usage 


(b)  Diaeusions  and  consliructioa 


Vertical  dlaensioas: 

Floor- to- floor  height,  s (ft)  3o66(12) 

Floor- to-ceiling  height,  m (ft) 2.74  (9) 

Building  construction: 

Type  of  vail  (fig.  A- 11)  Ko*  5 

Type  of  roof  (fig.  A-12)  Ho.  1 

Type  of  glazing Single  pane 

Percentage  of  glass  in  exterior  walls  ...  21.5 


TABLB  &-19.-  HEGIOHAL  SHOPPIBG  CENTER  OESCRIPTIOH 

(aj  Building  usage 


Unit 

Area,  n®  (ft®) 

Major  departaent  stores  (5) 

97  548.15  (1  050  000) 

Coaaercial  shops 

55  741.80  (600  000) 

Restaurants 

11  148.36  (120  000) 

Pharaacies 

8 361.27  (90  000) 

Offices 

8 361,27  (90  000) 

Halls  (3) 

18  203.99  (196  000) 

Total  enclosed  area 

199  369.84  (2  146  000) 

Total  cosfort -conditioned  area 

199  369.84  (2  146  000) 

(bj  Disaensions  and  construction 


Vertical  Diaensious: 

Ploor'*to-floor  height,  la  (ft) 

Hajor  departaeat  stores  ...  5.18(17) 

Coanercxal  shops  57  ( 15} 

Hestaurants  .«  4.57  (15) 

Pharaacres  a.........  •<>...  4.57  (15) 

Of f xces  • . w •.  .«  ..  .a  .a  . . ..  4. 57  ( 15) 

Halls a 9.14  (30) 

Floor-to-ceiiiag  height,  a (ft) 

E^ajor  departaent  stores 4.27  (14) 

Commercial  shops  3.66  (12) 

Bestautrants  3,66  (12) 

Offices  ......  2,74  (9) 

Halls  9.14  (30) 

Building  construction; 

Type  of  wall  (fig.  A-11)  .........  Ho-  5 

Type  of  rot  2 (fig.  &-12)  . No.  1 

Type  of  glaring  Single  pane 

percentage  of  glass  in  exterior  walls  ...  2 
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TABLB  &-20.-  HIGR-EISB  OFFICE  DESCEIPTIOH 
{a)  Building  usage 


Onit 

Area,  (ft®) 

Lease  space 

18  506.28  (199  200) 

Mechanical/halls/ tower 

3 790.44  (40  800) 

Total  enclosed  area/tower 

22  296.72  (240  000) 

Total  coaf ort-conditioned  area 

22  296.72  (240  000) 

(b)  Dimensions  and  construction 


Vertical  diecnsion; 

Floor-to-f loor  height,  o (ft)  .......  3.66  (12) 

Floor-to-ceiling  height,  a (ft) 2.74  (9) 

Building  construction: 

Type  of  wall  (fig.  A-11)  .........  No.  5 

Type  of  roof  (fig-  A-12) No.  1 

Type  of  glazing  ........  Double  pane 

Percentage  of  glass  in  exterior  walls  ...  16 


TABLE  A-21.“  HIGH-BISE  APARTMENT  DESCBIPTION 
(a)  Building  usage 


Unit 

Area,  a®  (ft®) 

Service/entry  floor 

1 217.03  (13  100) 

Typical  apartaent  floor  (aultiplied 

by  nuaber  of  floors  (21)) 

25  557.62  (275  100) 

Total  enclosed  area 

26  774.65  (288  200) 

Total  cofifort-conditioned  area 

26  774.65  (288  200) 

(b)  Dimensions  and  construction 


Vertical  diaensions: 

Ploor-to-f loor  height,  a (ft) 

Ser^ice/entry  floor 3.56  (12) 

Typical  apartment  floor  2.90  (9,5) 

Floor-to-ceiling  height,  m (ft) 

Service/entry  floor  .....  3.51  (11.5) 

Apartaents  2.74  (9) 

Corridors  2.29  (7.5) 

Building  construction; 

Type  of  wall  (fig.  A- 11), .........  No.  5 

Type  of  roof  (fig.  A-12) No.  1 

Type  of  glazing  . Double  pane 

Percentage  of  glass  in  exterior  walls  ...  68 
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1-22. “ COHanHITX  COI.LEGS  DESCfilPTIOH 
(a)  Baxlding  usage 


Onit 


Classrooss 

Offices 

Adainistration 

Library 

Laboratories 

Restrooas 

Halls 

Total  coaf ort-couditioned  area 
Shops 

Hechanical  roos 

Total  enclosed  area 


Area,  a®  {ft®) 


4756.64 

(51 

200) 

1170.58 

58.05 

(12 

600) 

(625) 

5985.28 

(64 

425) 

(bj  Dimensions  and  constructioa 


Vertical  dimeasionss 

Floor-to-floor  height ,7  a |ft) 
Floor-to-ceiling  height,  a £ft) 


Building  construction: 

Type  of  Hall  (fig.  1-11)*.*.... 

Type  of  roof  (fig.  A- 12)  ..***.. 
Type  of  glazing  ........... 

Percentage  of  glass  in  exterior  aalls 


« e 4 • • • « 


TABLE  A“Z3.“  IHH  AHD  HOTEL  COHPLSK  DESCEIPTIQH 
(a)  Building  asag^ 


Unit 


High-rise  hotel  (one  toaer) 


Hechanlcal 

Halls 

Total  baseaent 

Restaurant 

Kitchen 

Lobby 

Office 

Halls 

Total  ground  floor 

Baoager's  apartnent 

Bar 

Halls 

Total  second  floor 

Total  coKfort-conditioned  area 
Total  enclosed  area 


Area^,  a®  (ft®) 


? 216-01  (13  089) 


1 015,15 

(10  927) 

148.64 

(1  600) 

148,64 

(1  600) 

■ i mi  \ IM 

494,23  (5  320) 


2 781,69 
2 781.69 


(29  942) 
(29  942) 


High-rise  hotel  (three  towers) 


Total  conf ort-conditioned  area 
Total  enclosed  area 


8 345.07  (89  326) 


Lo«-rise  inn 

Phase 
Phase  II ^ 

Total  coiafprt-coQditioned  area 
Total  enclosed  area 

3 483.86  (37  500) 

3 483.86  (37  500) 

6 967.72  (75  000) 

6 967.72  (75  000) 

Banquet  rooMs 

Total  cosfort -conditioned  area 
Total  enclosed  area 

613,16  (S  600) 

613,16  (S  600) 

Restaurant 

Total  cofflfort-conditiosed  area 
Total  enclosed  area 

501.68  (5  400) 

501.68  (5  400) 

Inn  and  hotel  complex 

Total  GoMf ort-coaditioned  area 
Total  eaclosad  area 

16  427,63  (176  826) 
16  427.63  (176  S26> 

>&rea  Multiplied  by  nunber  of  rooass  46,45  x 75  (500  X 75) 


T&BI.E  &-23a”  coacluded 


{b)  Dimensions  and  construction 


Vertical  diaensionss 

l?loor-to-floor  height,  la  (ft) 

BedrooBs  in  hotel  towers  •«),  ,«.«..  2.90  {9.5) 

Bedrooas  in  los-rise  inn  3.35  (11) 

Hanager*s  office  and  apartment  ......  3.35  (11) 

Lobby , , , 6.71  (22) 

Banquet  3.35  (11) 

Bestaurant  ................  3.35  (11) 

Fioor-to-ceiling  height,  k (ft) 

Bedrooms  in  hotel  towers  2.74  (9) 

Bedrooas  in  low-rise  inn  2.74  (9) 

Manager® s office  and  apartment  2.74  (9) 

Lobby 6.10  (20) 

Banquet  rooms  2.74  (9) 

Bestaurant  2.74  (9) 

Building  construction! 

Type  of  wall  (fig.  3.-1 1) 

High-rise  hotel  Ho.  5 

Low-rise  inn  No.  4 (rear  wail)  ; 

Ho.  5 (end  and  party 
wall) 

Banquet  rooas  Ho,  5 

Bestaurant  .....  Ho.  5 

Type  of  roof  (entire  coaples) 

(fig.  h“12)  No.  1 

Type  of  glaring 

High-rise  hotel  Double  pane 

Low-rise  inn  Single  pane 

Banquet  rooms  Double  pane 

Restaurant  Double  pane 

Percentage  of  glass  in  exterior  walls 
High-rise  hotel 

Ground  floor  ......  5.9 

Mezzanine  . 5.9 

10  floors  of  bedrooRs  .........  88.2 

Low-rise  inn 

Banquet  rooms  20 

Restaurant  .......  60 
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T&BLE  A-24.-  commx^si  HOSPISa^L  DESCSIPTIOH 
(d)  Building  usage 


Unit 

Area,  a* 

service  floor  (ground  level) 

1 333.55  (15  aOO) 

Social  floor  (nain  level) 

929.03  (10  000) 

Typical  floor  (aultiplied  by 

nnaber  of  floors 

7 803.85  (84  000) 

Total  enclosed  area 

10  126.43  (109  000) 

Total  coafort-conditioned  area 

10  126.43  (109  000) 

(b)  Dimensions  and  construction 

Vertical  dimension  (social  and  service  floors) : 

Floor-to-f loor  height ^ d (ft)  .......  4.88  (16) 


Floor-"  to-ceiling  height » a (ft)  •.•••*  3.65  (12) 

Building  constructions 

Type  of  mail  (fig.  h-11)  No.  5 

Type  of  roof  fflg.  h-12) «...  Ho-  1 

Type  of  glazing  Double  pane 


percentage  of  glass  in  ezterior  8alls  ...  26 
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Figure  A-1,-  Walking  distances  from  households  to  community 

activities. 
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Figure  A-2,-  Design  of  the  neighborhood. 
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Figure  A- 3,-  The  village  complex. 
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Figure  A-4.-  The  village  center. 
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Figure  A- 7.-  Layout  of  the  new  coinmunity 
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Figure  A- 12.-  Typical  roof  sections, 
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Ground  floor 

Figure  A- 13.-  Floor  plan  for  single-family  model. 
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Figure  A- 14,-  Floor  plan  for  townhouse  model. 
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Figure  A-23.-  Site  and  floor  plans  for  recreation  building 
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Figure;  A-26p“  Estimated  occupancy  profile  of  medium— rise 

apartments , 
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Figure  A-27.-  Floor  plan  for  middle  school 
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Figure  A--28.-  Floor  plan  for  high  school. 
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Figure  A-34,-  Estimated  occupancy  profile  of  high-rise  office 

building. 
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Figure  A-37.-  Floor  plan  for  community  college. 
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Figure  A-40.-  Site  plan  for  inn  and  hotel  complex. 
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Figure  A-42,-  Floor  plan  for  high-rise  hotel.  The  plan  for 
floors  4 through  12  is  identical  to  the  third-floor  plan. 
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APPENDIX  B 


CONCEPTUAL  DESIGN  SUPPORTIVE  DATA  FOR  HIUS 
DESIGN  STRATEGY 


The  model  community  consists  of  three  basic,  distinctly 
different  community  elements:  a neighborhood,  a village 

center,  and  a central  business  district  (CBD) . Design 
options  were  selected  to  evaluate  the  characteristics  of  the 
modular  integrated  utility  systems  (HIUS)  for  each  of  the 
three  elements. 

The  size  of  the  community  segment  served  by  an  MIUS  was 
also  important.  Some  correlation  between  the  results  of 
this  study  and  community  segments  of  other  sizes  is 
desirable  because  much  of  the  residential  housing  is 
constructed  in  smaller  segments.  Consideration  was  given  to 
a developer-sized  HIUS;  i.e,,  an  MIUS  sized  to  serve  a 
project  of  the  size  generally  constructed  by  an  individual 
developer.  Also  considered  was  an  MIUS  sized  to  serve  a 
planned  unit  development  (PUD) , which  is  an  intermediate- 
sized development  often  on  the  scale  of  a village  in  this 
study. 

The  result  of  this  design  strategy  was  that  two  options 
are  required  to  evaluate  all  characteristics  of  the  elements 
and  to  accommodate  the  two  development  sizes.  In  both 
options,  the  single-family  detached  units  are  all-electric. 

A four-pipe  heating,  ventilation,  and  air-conditioning 
(HVAC)  distribution  system  distributes  hot  and  chilled  water 
to  all  higher  density  areas  in  both  options. 


Option  I 


In  option  I (a  29-MIUS-unit  facility) , an  HIUS  is  placed 
at  each  community  element;  i.e.,  the  neighborhood,  the 
village  center,  and  the  CBD.  Figure  B-1 (a)  illustrates  the 
placement  of  29  MIUS  plants  throughout  the  community.  In 
option  I,  a central  potable  water  treatment  system  is 
provided  for  the  entire  community.  All  three  HIUS  types  are 
sized  according  to  the  electrical  requirements  of  the 
community  segment  served.  An  HIUS  in  option  I is 
representative  of  a developer-sized  MIUS. 


OF  POOR 


B-1 


. 1 


Option  II 

Option  II  (an  8-HIOS-unit  facility) , consists  of  two 
HIOS  types:  the  village  complex  HIUS,.  which  is  assigned  to 

serve  the  village  center  and  the  three  adjacent 
neighborhoods,  and  the  CBD.  The  placement  of  the  eight  HIOS 
plants  that  serve  the  community  is  shown  in  figure  B-1  (b) . 
Potable  water  treatment  is  provided  within  each  HIOS;  there 
is  no  central  potable  water  treatment  system  as  in  option  I. 
Electricity  is  supplied  to  the  neighborhoods  by  the  BIOS  in 
the  village  center.  The  HIOS  size  in  option  II  is 
representative  of  the  POD-sized  HIUS. 


UTILITY  LOhDS  DEFINITION 

The  loads  of  the  major  subsystems  (electrical  power, 
HVAC,  water,  and  solid  waste)  were  defined  by  determining 
the  utility  requirements  of  each  building  type,  or  facility, 
and  then  combining  those  requirements.  This  combination 
expresses  the  utility  loads  of  community  components  serviced 
by  an  HIUS. 


Electrical  Power  Loads 

The  sizes  of  the  various  HIUS  types  were  determined  by 
the  electrical  power  requirements.  Therefore,  in  both 
options  I and  II,  the  HIUS  was  sized  in  accordance  with  the 
electrical  demand  of  that  portion  of  the  community  served  by 
an  HIUS, 

Each  building  and  individual  dwelling  unit  was  analyzed, 
and  a 24-hour  profile  of  the  domestic  load  was  developed. 

The  domestic  load  was  defined  as  lights,  electric  oven 

(where  applicable)  , other  appliances,  and  all  other  u 

electrical  loads  except  environmental  conditioning  loads. 

Where  necessary,  HlUS-peculiar  loads  were  added.  In 
developing  the  electrical  profiles  for  the  dwelling  units, 
the  diversity  among  units  was  considered.  This  resulted  in 
a demand  for  each  group  that  was  less  than  the  accumulated  " 

total  of  each  dwelling  unit.  '' 

The  electrical  load  profile  for  all  713  single-family 
dwellings  in  a neighborhood  (fig.  B-2 (a) ) was  developed  by 
combining  data  on  energy  consumption  with  a diversity  factor 
(ref.  B-1).  The  profile  in  figure  B-2 (a)  was  multiplied  by 
the  appropriate  number  to  determine  the  single-family 
component  of  the  load  on  an  HIUS,  This  profile  does  not 
include  the  electrical  load  for  environmental  conditioning; 
that  load  is  included  in  the  total  electrical  demand  profile 
for  the  neighborhood. 
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Figure  B-2(b)  shows  the  electrical  load  profile  for  the 
324  townhouses  in  one  neighborhood.  This  profile  was 
developed  from  data  by  Hittman  Associates  (ref.  B-2) . The 
garden  apartments  load  profile  (fig.  B-2(c))  represents  the 
demand  over  24  hours  for  the  324  apartments  in  one 
neighborhood.  This  profile  is  the  result  of  a 1973  Urban 
Systems  Project  Office  (USPO)  study  of  a 648-unit  garden 
apartment  complex  in  Houston,  Texas.  The  profile  was  halved 
for  the  community  apartments.  The  neighborhood  elementary 
school  profile  (fig.  B-2  (d) ) was  also  developed  from  an 
earlier  USPO  study  based  on  a school  within  the  Houston 
Independent  School  District.  The  Honday  through  Friday 
profiles  for. the  elementary,  middle,  and  high  schools  are 
the  same  and  are  scaled  to  the  square  meter  of  each 
building. 

The  local  shopping  center  in  a village  center  had  the 
electrical  load  profile  shown  in  figure  B-2(e).  The  profile 
was  developed  from  data  collected  and  published  by  the  Group 
to  Advance  Total  Energy  (GATE)  Information  Center  (ref.  B-3) 
and  was  adapted  by  scaling  to  the  square  meter  of  the  local 
shopping  center.  The  electrical  profile  of  the  recreational 
building  (fig.  B-2(f))  was  also  developed  from  GATE  data. 
Data  for  the  10-story  medium-rise  apartment  electrical 
profile  (fig.  B-2  (g) ) were  obtained  from  GATE  and  from  data 
collected  for  USPO  by  the  engineering  consultant  firm  of 
Garaze,  Dorobkin,  Cologen,  and  Associates,  Chicago,  Illinois. 
A medium-rise  apartment  is  located  in  each  village  center. 
The  profile  for  the  medium-rise  apartment  is  the  same  shape 
as  the  profile  for  the  high-rise  apartment  in  the  community 
center  and  was  scaled  to  the  proper  number  of  units. 

The  middle  school  profile  (fig.  B-2  (h) ) and  the  high 
school  profile  (fig.  B-2  (i) ) were  developed  based  on  data 
from  a high  school  in  Houston,  Texas,  The  Monday  through 
Friday  profiles  for  the  elementary,  middle,  and  high  schools 
are  the  same  and  are  scaled  to  the  square  meter  of  each 
building.  The  Saturday  and  Sunday  profiles  are  the  same  for 
the  middle  and  high  schools.  These  profiles  include  only 
domestic  loads  with  no  environmental  conditioning; 
therefore,  the  representative  data  are  valid  for  all  similar 
buildings  in  the  country.  One  high  school  and  one  middle 
school  are  in  each  village  center. 

In  the  CBD,  the  regional  shopping  center  is  the  dominant 
user  of  electrical  power,  vrith  a peak  of  4000  kilowatts. 

The  profile  (fig.  B-2(j})  was  developed  by  using  data  from 
an  earlier  USPO  study  of  such  a facility.  Figure  B-2(k) 
shows  the  electrical  profile  of  a 12-story  office  building. 
Four  sets  of  two  such  towers  are  located  in  the  CBD,  and  the 
construction  of  the  towers  is  phased  with  the  growth  of  the 
town.  The  profile  was  developed  by  using  data  from  an 
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office  building  in  Houston,  Texas,  This  profile  does  not 
include  the  electrical  load  resulting  from  environmental 
conditioning,  except  for  the  fan  coil  units. 

The  CBD  contains  four  22-story  high-rise  apartment 
buildings  constructed  over  the  20-year  development  cycle. 
Figure  B-2  (1}  depicts  the  profile  of  one  apartment  building. 
The  profile  was  developed  by  combining  the  necessary  data 
elements  from  the  GATE  and  the  Garaze,  Dorobkin,  Cologen,  and 
Associates  data. 

The  community  college,  also  in  the  CBD,  has  an 
electrical  load  profile  (fig,  B-2(m))  suitable  for  a daytime 
schedule  with  some  night  classes.  Data  used  for  the  profile 
were  also  from  the  GATE  and  the  Gamze,  Dorobkin,  Cologen, 
and  Associates  data. 

The  construction  of  the  inn,  or  motel,  and  hotel  complex 
is  in  two  phases.  In  the  first  phase,  one  75-room  low-rise 
motel  and  one  200-room  high-rise  hotel  are  bui3.t.  Phase  2 
construction  consists  of  one  75-room  motel  and  two  200-room 
hotels.  Figures  B-2 (n)  and  B-2  (o)  show  the  electrical 
profile  for  one  75-room  motel  and  one  200-room  hotel, 
respectively.  The  loads  of  the  l»anguet  rooms  and  restaurant 
are  included  proportionally  in  the  profiles.  The  data  for 
the  profiles  were  obtained' from  the  GATE  with,  appropriate 
scaling  for  the  floor  area. 

Figure  E-2(p)  shows  the  electrical  load  profile  for  the 
community  hospital.  The  profile  was  developed  in  an  earlier 
BSpo  study  and  includes  all  loads,  such  as  X-ray,  etc. , that 
are  expected  in  a 384-bed  community  hospital.  No 
environmental  conditioning  loads  for  the  building  are 
included. 

Some  electrical  loads  within  the  community  are  not 
associated  with  a particular  building  type.  The  electrical 
load  for  an  illtJS  is  a function  of  the  option  considered. 
Figure  B-3  depicts  the  electrical  loads  for  the  water  ^ 
.treatment  plant  and  the  water  distribution  system.  The 
total  load  for  three  neighborhoods  and  one  village  center  is 
the  component  of  the  electrical  load  of  the  water  treatment 
and  distribution  equipment  of  a village  center  complex  in 
option  II,  Additional  information  regarding  the  development 
of  these  data  is  included  in  the  section  entitled  "The  KIDS 
Design  Options  I and  II."  Also  shown  in  figure  B-3  are  the 
distribution  loads  and  the  sewage  treatment  loads  for  a 
neighborhood  BIOS  and  a village  center  in  option  I.  The 
water  treatment,  but  not  the  distribution,  facility  in 
option  I is  a central  facility  for  the  entire  community. 

The  actual  motor  loads  from  the  water  subsystem  design  were 
used  to  calculate  the  loads  in  figure  B-3. 
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Houston  Lighting  and  Power  Company  standards  were  used 
for  the  streetlighting  loads  of  the  various  sections  of  the 
community.  The  electrical  loads  for  the  lighting  in  the 
parking  areas  of  the  community  were  based  on  parking-area 
lighting  levels  from  McGuiness  and  Stein  (ref.  B-4) . Figure 
B-  4 (a)  illus-^rates  the  streetlighting  loads  for  a 
neighborhoods  a village  center,  and  a village.  The 
streetlighting  and  parking-area  lighting  electrical  loads 
for  the  town  center,  or  CBD,  are  shown  in  figure  B-4  (b) . 


I s.  Total  Electrical  Loads  and  Phasing  of 

Electrical  Load  Throughout  Community  Construction 

i 

The  environmental  conditioning  of  the  community  (see  the 
I ^ section  entitled  "Heating,  Ventilation,  and  Air-Conditioning 

Loads")  uses  excess  heat  from  electrical  power  generation 
equipment  and  from  incineration  for  absorption  air-  , 
conditioning  in  the  summer.  However,  it  is  necessary  (as 
shown  in  the  section  on  HVAC  loads)  to  provide  additional 
compressive  air-conditioning  at  various  times  in  the  summer. 
The  HIUS  uses  the  concept  of  "floating"  air-conditioning; 
i.e. , the  absorption/compression  split  of  the  total  cooling 
load  varies  so  that  the  amount  of  absorption  air- 
conditioning  is  maxiraixed  to  use  all  available  heat  energy. 
Therefore,  the  ratio  of  absorption  and  compression  changes. 
The  electrical  power  load  is  a function  of  the  amount  of 
compressive  air-conditioning  required. 

The  MIUS  does  not  directly  supply  environmental 
conditioning  to  the  single-family  detached  houses.  Each 
house  has  an  electrically  driven  compressive  unit  that  is  a 
standard  electrical  central  air-conditioning  unit.  The 
total  electrical  power  load  is  a result  of  the  amount  of 
j compressive  air-conditioning  required  by  the  KIUS  itself  and 

I the  additional  electrical  load  to  air-condition  the  single- 

j / family  houses.  Additionally,  the  HVAC  auxiliary  loads,  pump 

I motors,  etc,,  must  be  included. 

j 

i All  the  electrical  loads  resulting  from  the  HVAC 

^ requirements  were  derived  as  a function  of  HVAC  loads 

^ developed  over  a 24-hour  period.  For  air-conditioning,  the 

loads  are  based  on  a 2-sigma  hot  summer  design  day;  for 
winter,  the  heating  loads  are  based  on  a 2-sigma  cold  winter 
design  day.  Figure  B-5(a)  shows  the  electrical  power 
I profile  of  a neighborhood  MIUS  of  option  I,  and  the  village 

i center  BIOS  power  profile  is  shown  in  figure  B-5  (b) . This 

MIUS  provides  all  environmental  conditioning  through  the 
HVAC  system;  no  single-family  homes  are  serviced  by  this 
HIUS.  The  power  profile  for  the  option  II  village  complex 
HIUS  is  shown  in  figure  B-5(c)  . The  electrical  power 
profile  of  the  CBD  (fig.  B-5(d))  is  the  same  for  options  I 
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and  II.  Figure  B-5(e)  shows  the  sum  of  the  electrical  power 
load  for  all  elements  of  the  community;  the  peak  power 
requirement  is  approximately  250  megawatts* 

The  growth  rate  for  a neighborhood  is  different 
from  that  of  a village  center  or  a CBD.  Also,  some  villages 
are  developed  on  a 4-year  cycle,  whereas  others  are 
developed  on  a 3-year  cycle.  (See  table  A-9  in  appendix  A.} 
Figure  B-6  (a)  shows  the  electrical  load  growth  for  the 
option  I neighborhood  BIOS  and  village  center  HIUS  for  the 
neighborhood  development  over  3 and  4 years. 

The  electrical  load  growth  for  the  option  II  village 
complex  BIUS,  when  developed  over  3 years  and  when  developed 
over  4 years,  is  shown  in  figure  B-6 (b)  . The  CBD  electrical 
growth  (fig.  B-6(c})  is  the  same  for  both  options.  The 
design  case  for  determining  the  electrical  growth  of  the 
community  elements  is  the  peak  demand,  which  occurs  at  7 
p* m.  on  the  design  summer  day.  Figure  B-6 (d)  shows  the 
combined  electrical  growth  of  the  various  community  elements 
over  the  20-year  development  schedule.  Also  shown  (for 
comparison)  is  the  electrical  growth  of  the  same  community 
if  electrical  power  were  supplied  by  conventional  means. 
Detailed  information  about  these  conventional  systems  is 
given  in  the  main  text  in  the  section  entitled  "Conventional 
Systems  Definition," 


Heating,  Ventilation,  and  Air-Conditioning  Loads 

The  calculation  of  the  community  heating  and  air- 
conditioning  loads  used  basic  HVAC  load  determination 
techniques  from  the  American  Society  of  Heating, 
Hefrigerating,  and  Air  Conditioning  Engineers  (ASHEAE)  (ref. 
B-5) , (which  provides  the  industry-wide  standards  and  design 
criteria)  supplemented  by  design  manuals  from  commercial 
environmental  conditioning  firms.  The  actual  calculation  of 
the  loads  on  the  various  building  types  within  the  community 
was  performed  by  a computer  program,  the  Energy  Systems 
Optimization  Program  (BSOP)  (ref.  B-6).  Washington,  D.C., 
weather  data  were  used  for  the  calculations.  The  outside 
temperature  used  was  309  K (97°  F)  dry  bulb  and  300  K (81° 

F)  wet  bulb  for  the  summer  maximum  and  260  K (10°  F)  dry 
bulb  and  259  K (8°  P)  wet  bulb  for  the  winter  low.  The 
design  was  required  to  be  such  that  an  inside  temperature  of 
296  K (74°  F)  dry  bulb  with  a 50-percent  relative  humidity 
was  maintained.  For  the  various  apartment  buildings  within 
the  community,  typical  Washington,  D.C.,  apartment 
construction  was  used  as  a basis  for  determining  heat 
transfer  coefficients.  The  five  wall  types  and  two  roof 
types  shown  in  figures  A- 11  and  A- 12  in  appendix  A were  the 
basis  of  building  construction.  Material  "U"  factors,  solar 
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factors,  and  other  constraints  that  were  used  were  obtained 
from  industrially  accepted  handbooks.  Available  design  heat 
transfer  coefficients  were  obtained  from  ASHEAE, 

The  heating/cooling  load  profiles  were  calculated  for 
all  the  building  types  within  the  community.  These 
computer-plotted  profiles  are  shown  in  figure  B-7.  The  load 
profiles  were  plotted  for  a 24~hour  period  for  the  mean- 
temperature  seasonal  cases  of  winter  (WI)  , spring  (SP) , 
summer  (SO)’,  and  fall  (FA),  with  a 47-  to  58 -percent  cloud 
cover.  Also  plotted  were  the  2-sigma  low-temperature  cases 
of  a winter  day  with  no  cloud  cover  (WI,  2-sigma,  cc  = 0) , a 
winter  day  with  full  cloud  cover  (WI,  2-sigma,  cc  ==  1),  and 
a 2-sigraa  high-temperature  case  of  a summer  day  with  no 
cloud  cover  (SU,  2-sigma,  cc  = 0)  . Figures  B-8  and  B-9, 
respectively,  illustrate  the  growth  in  cooling  and  space 
heating  that  is  required  over  the  20-year  development 
period. 


Water  Loads 

Detailed  load  analysis  of  the  water  management  subsystem 
(WHS)  loads  were  conducted,  and  the  summary  is  presented  in 
table  B-1.  The  analyses  included  potable  water  usage  of 
each  facility  and  the  wastewater  effluent  quantities  that 
are  the  load  on  the  wastewater  treatment  system. 

The  conventional  loads  for  the  community  potable  water 
supply  system'  were  based  on  an  average  daily  domestic  per 
capita  water  demand  of  0.473  m3/capita/day  (125 
gal/capita/day)  , with  an  allowance  of  100  percent  reserve 
for  the  maximum  water  supply  demand  based  on  fire  protection 
water  requirements.^  The  HIDS  loads  for  potable  water  were 
based  on  the  daily  water  consumption  per  capita  per  function 
per  building  of  .0.378  m^/capita/day  (100  gal/capita/day)  as 
defined  for  this  study  with  an  allowance  of  25  percent  for 
peak-day  water  supply  requirements. 

The  conventional  and  HIUS  loads  for  the  community 
wastewater  treatment  system  were  based  on  an  average  daily 
domestic  use  per  capita  of  0.378  m^/capita/day  (100 
gal/capita/day)  with  allowances  of  20  percent  average  for 
peak  flow  and  infiltration.  For  the  study,  the  qualities  of 
the  influent  and  the  effluent  were  assumed  (refs.  B-7  to 
B-9)  . 


^Preliminary  Engineering  Report  on  the  Woodlands. 
Turner,  Collie,  and  Braden,  Inc.,  Consulting  Engineers 
(Houston,  Tex.),  Dec.  1972. 
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Figure  B-10  shows  the  community  design  load  growth 
summary  (over  the  20- year  development  period)  of  the  potable 
water  demand  and  wastewater  quantity  for  a conventional 
water  supply  system  and  for  an  HIHS, 


Solid-Uaste  Loads 

The  inhabitants,  workers,  and  visitors  in  the  design 
community  produce  362  Hg/day  (399  tons/day)  of  solid  wastes. 
This  quantity  of  waste  must  be  treated  by  the  HIUS  solid- 
waste  management  subsystem;  if  a conventional  solid-waste 
system  serviced  the  town,  the  waste  would  have  to  be  removed 
from  the  site.  Table  B-2  is  a list  of  the  solid  waste  loads 
generated  by  the  various  facility  types  and  community 
components.  In  option  I,  the  neighborhood  HIUS  must  process 
10  904  kg/day  (24  038  Ib/day)  and  the  village  center  HIUS 
must  process  8013  kg/day  (17  665  Ib/day) . The  village 
complex  HIUS  of  option  II  manages  40  710  kg/day  (89  749 
Ib/day)  of  solid  waste.  The  CBD  HIUS,  the  same  in  both 
options,  has  a solid-waste  load  of  77  158  kg/day  (170  101 
Ib/day) . 

The  values  for  residential  loads,  apartments, 
townhousGS,  and  single-family  dwellings  were  based  on  a 
generation  rate  of  2.3  kg/capita/day  (5  Ib/capita/day) 

(refs.  B-10  to  B-12)  . The  elementary  school  solid-waste 
calculations  were  based  on  4.5  kg/roora  (10  Ib/room)  plus 
0.11  kg/pupil  (0,25  Ib/pupil)  (data  from  a commercial 
source) . The  school  cafeteria  wastes  are  additional  and 
were  based  on  an  actual  high  school  in  Houston,  Texas,  used 
in  earlier  USPO  studies.  The  college  loads  are  the  same  as 
the  high  school  loads.  The  quantity  of  solid  wastes  from  an 
office  building  was  based  on  6.13  kg/100  ra^  (1,25  lb/100 
ft2)  (ref.  B-13)  . The  inn  and  hotel  calculations  were  based 
on  a solid- waste  generation  of  1.02  kg/roora  (2.25  Ib/room) 
plus  0,7  kg/meal  (1.5  Ib/meal) . The  amounts  are  the  average 
of  a high-class  and  a medium-class  hotel  (ref.  B-11) . A 
large  amount  of  solid  waste  results  from  the  operation  of  a 
hospital.  The  load  calculations  were  based  on  13,6  kg/bed 
(30  Ib/bed)  plus  0.7  kg/meal  (1.5  Ib/meal)  (ref.  B-13),  The 
regional  mall  and  the  village  center  shopping  centers  both 
produce  31.18  kilograms  of  solid  wastes  per  100  square 
meters  (6.5  pounds  per  100  square  feet)  based  on  earlier 
OSPO  studies. 

Figure  B-11  illustrates  the  growth  that  must  be 
accommodated  by  the  phased  construction  of  the  HIUS  plants 
(ref.  B-14)  over  20  years. 
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SUBSYSTEMS  DESIGN  TASKS  AND  LOGIC  FLOW 


The  design  of  the  subsystems  in  an  MIOS  serving  the 
design  community  is  such  that  an  analysis  is  reguired  of  the 
loads  on  each  subsystem  resulting  from  the  buildings  being 
served.  An  energy  analysis  of  each  subsystem  then 
determines  the  energy  consumption  within  each  subsystem* 
Integration  of  subsystems  enables  the  determination  of  the 
HIUS  energy  consumption  and  provides  the  means  of  thermally 
balancing  the  subsystems  so  that  they  work  together  as 
efficiently  as  possible. 

Each  building  must  be  characterized  before  the  loads 
analysis  can  be  done.  This  is  a determination  of  the 
electrical  loads  resulting  from  the  building  design#  the 
expected  use,  and  the  occupancy  profile.  The  construction 
of  each  building  and  the  internal  heat  generation  are  also 
determined.  From  this  information,  the  HVAC  and  electrical 
power  loads  for  each  building  type  within  each  community 
element  can  be  calculated.  After  the  loads  are  computed  for 
each  building  type,  they  are  multiplied  by  the  number  of 
buildings  within  that  type.  The  loads  for  all  buildings  are 
then  summed  {for  each  element  of  the  community)  to  determine 
the  total  HVAC  and  electrical  power  loads  for  an  MIUS. 

To  perform  an  energy  analysis,  a characterization  of  the 
various  subsystems  necessary  to  service  a particular 
building  type  is  reguired.  For  the  HVAC,  power  generation, 
Siolid-waste  treatment,  and  domestic  hot  water  subsystems,  a 
determination  is  reguired  of  the  eguipment  necessary  to 
accomplish  the  tasks  for  the  respective  subsystems  and  to 
meet  the  load  demands.  After  the  initial  eguipment 
selection  is  made,  the  energy  consumption  of  the  integrated 
BIOS  is  calculated.  The  various  subsystem  designs  are 
iterated  so  that  they  are  thermally  balanced  within  the 
HIUS.  Primary  consideration  is  given  to  prime  mover  and 
boiler  consumption,  amount  and  type  of  air-conditioning  and 
heating,  total  electrical  power  load,  amount  of  recoverable 
heat  and  the  utilization  of  that  recovered  heat,  unused 
recovered  heat,  and  heat  rejection  reguirements. 

The  following  list  details  the  input  data  necessary  to 
perform  the  load  analysis. 

1.  Building  type  characterization 

a.  U-values  for  walls,  roof,  and  glass 

b.  Areas  of  walls,  roof,  and  glass 

c.  Glass  type  factor  (for  solar  admittance  into 

building) 

d.  Occupancy  profile 
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Domestic  and  auxiliary  electricity  profile 

a.  Window  shade  factor 

b.  Ventilation  rates 

c.  Design  inside  temperature  profile 

d.  Equivalent  temperature  differential  profiles 
for  walls  and  roof 

3.  Environmental  conditions 

a.  Hourly  profile  of  outside  dry  bulb  temperature 

b.  Direct  solar  radiation  profile 

c.  Profile  of  window  heat  gain  from  convection 
and  radiation 

d.  Equivalent  temperature  differential  profiles 
for  walls  and  roof 

e.  Profile  of  enthalpy  for  inside  and  outside  air 

The  input  data  necessary  to  perform  the  energy  analysis 
are  as  follows, 

1 . Solid-waste  data 

a.  Solid-waste  contents  and  amount 

b.  Heat  value  of  solid  waste 

c.  Fuel  requirements 

d.  Disposal  method  (incinerator  and/or  pyrolysis) 

e.  Waste-heat  utilization  profile 

f.  Heat  recovery  efficiency 

g.  operation  cost  factors 

2.  HVAC  data 

a.  Boiler  efficiency 

b.  AJasorption/compression  split  ratio 

c.  Coefficient  of  performance  (COP)  profiles  for 
absorption  and  compression  chillers 

d.  Heat  rejection  water  requirements 

3. -  Electrical  power  generation 

a.  Generator  rated  capacity 

b.  Engine  rated  capacity 

c.  Fuel  heating  values 

d.  Fuel  as  opposed  to  load  curves 

e.  Waste  heat  as  opposed  to  load  curves  (for  oil 
coolers,  water  jacket,  and  exhaust  jacket) 

f.  Steam  cycle  data,  if  required 

4.  Water  and  energy  uses 

a.  Uses  for  excess  389-K  (240°  F)  heat 

b.  Uses  for  excess  350 -K  (170°  F)  heat 

c.  Uses  for  excess  311-K  (100°  F)  heat 

d.  Uses  for  wastewater  effluent 

The  following  is  a list  of  the  output  data  from  the 
loads  analysis. 


1.  Hourly  heat  gain  from  walls,  roof,  windows, 
ventilation,  hot  water,  electricity,  etc. 

2.  Total  hourly-  space-heating  demand 

3.  Total  hourly  air-conditioning  demand 

4.  -power  requirements 

5.  Hot  water  requirements 

6.  Totals  of  above  data  for  entire  element  served  by 

HI  as 

7.  Heat  rejection  water  utilization 

8.  Wastewater  requirements  not  met 

9.  Wastewater  available  for  reuse 

10.  Solid  waste,  disposal  costs,  and  effluent 

11.  Seasonal  and  yearly  fuel  consumption 

12.  Comparison  of  24  Mias  configurations  and  1 
conventional  system 

The  output  data  from  the  energy  analysis  are  as  follows. 

1.  Generator  data:  Engine  output,  fuel  consumption, 

thermal  efficiency,  generator  output,  etc. 

2.  Number  of  generators  required 

3.  Waste  heat  available  and  its  sources 

4.  Boiler  heat  and  fuel 

5.  Amount  of  absorption  and  compression  air- 
conditioning 

6.  - Waste  heat  not  used  at  each  of  three  temperature 
levels 

7.  Waste  heat  utilized  at  three  levels 

8.  Waste  heat  requirements  not  met 
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THE  HIUS  DESIGN  OPTIONS  I AND  IX 

Two  design  options  were  considered  for  servicing  the 
coDiiaunity;  and  both  options  are  apconunodative.  Option  I 
consists  of  three  different  types  of  BIDS  plants:  the  CBD 

HIUS,  the  village  center  BIDS,. and  the  neighborhood  HIUS, 
Design  option  II  consists  of  two  types  of  HIUS  plants 
serving  the  community:  the  CBD  HIUS  and  the  village  complex 

HIUS, 


The  CBD  HIUS 

The  CBD  HIUS  is  designed  to  provide  all  the  service 
requirements  for  the  CBD  (fig.  B-'12)  , The  HIUS  systems  in 
the  CBD  are  the  same  for  options  I and  II,  except  that  the 
CBD  HIUS  in  option  II  treats  and  provides  potable  water  to 
the  CBD  instead  of  having  a central  water  treatment  facility 
serving  the  entire  community.  Figure  B-13  is  a schematic  of 
the  CBD  HIUS. 

The  power  generation  system  consists  of  ten  4415- 
kilowatt  diesel  generators  with  both  low-grade  and  high- 
grade  thermal  extraction  systems  (fig,  B-14).  The  low-grade 
thermal  energy  is  taken  from  the  intercooler,  lubrication 
oil  cooler,  and  water  jacket  cooler  and  supplemented  by  the 
high-grade  thermal  energy  to  provide  366-K  (200°  F)  water 
for  space  heating  and  domestic  hot  water.  This  water  is 
piped  to  all  buildings  in  the  CBD. 

The  high-grade  thermal  energy  is  generated  by  low- 
pressure  steam  heat  recovery  units  on  the  exhaust  of  each 
prime  mover.  This  steam  header  is  also  tied  into  the  heat- 
recovery  system  of  the  incinerators.  Seven  1361 -kg/hr  (300D 
Ib/hr)  incinerators  are  used  in  this  HIUS  to  handle  all  the 
trash  from  the  CBD.  This  low-pressure  steam  drives  the  five 
absorption  chillers  used  in  the  HVAC  system  (fig,  B-15). 

A chilled-water  distribution  loop  is  routed  to  all  the 
CBD  buildings  to  satisfy  the  air-conditioning  requirements. 
The  chilled  water  is  generated  by  five  5838-kilowatt  (1660 
ton)  absorption  chillers  and  five  6682-kxlowatt  (1900  ton) 
electrically  driven  compression  chillers.  Rather  than  using 
a cooling  tower  for  extracting  the  heat  from  the  chiller 
condenser  water,  a 115.3-hectare  (285  acre)  lake  is  used. 

The  lake  cools  the  condenser  water  and  also  provides  the 
necessary  water  to  satisfy  the  CBD  firefighting 
requirements. 

Sewage  treatment  consists  of  a conventional  biological 
system  designed  for  a 6341-m3/day  (1.675  x 10*  gal/day) 
capacity.  The  wastewater  treatment  plant  schematic  is  shown 
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in  figure  B-16.  The  processes  used  in  the  system  are 
sedimentation,  biological  nitrification/denitrification, 
clarification,  coagulation/flocculation,  disinfection,  and 
carbon  absorption  with  carbon  regeneration.  Sludge 
conditioning  is  performed  by  using  a gravity  thickener,  a 
vacuum  filter,  and  an  incinerator;  the  ultimate  ash  disposal 
is  a landfill. 

Solid  waste  is  disposed  of  by  incineration  and  energy  is 
recovered  by  heat  recovery  as  described  previously.  The 
collection  process  in  the  CBD  is  depicted  in  figure  B-17. 

In  the  option  II  CBD  MIUS,  the  potable  water  is  treated 
by  using  coagulation/f locculation,  clarification,  mixed 
media  filter,  and  disinfection.  In  option  I,  the  required 
6341  m3/day  (1.675  x 10®  gal/day)  is  piped  in  from  a central 
potable  water  treatment  facility  on  the  periphery  of  the 
community  that  treats  51  860  ra^/day  (13.7  x 10®  gal/day) 
using  the  same  processes.  Figure  B~18  is  a schematic  of 
this  process. 

The  potable  water  supply  is  obtained  from  a surface 
source  24  kilometers,  {15  miles}  away  and  is  delivered  to  the 
community  by  pipe.  Water  treatment  in  option  I is  at  the 
CBD  HXBS  and  the  water  is  distributed  to  the  community  as 
shown  in  figure  B-19.  In  option  II,  the  water  is  treated  at 
each'  Mins  plant. 

The  treated  wastewater  is  stored  in  the  lake  for  the 
fire  demand  supply  source,  irrigation,  and  HVAC  use.  Fire 
demand  distribution  is  accomplished  by  separate  piping.  The 
use  of  this  method  of  supplying  water  for  firefighting 
reduces  the  size  of  the  potable  water  pipes.  Wastewater  is 
delivered  to  the  MIUS  by  a gravity  flow  system.  The 
treatment  occurs  within  each  MIUS,  thus  eliminating  trunk 
•and  interceptor  lines. 

Cooling,  by  chilled  water,  is  distributed  to  the  various 
facilities  by  two  pipes  in  a four-pipe  system.  The  flow 
rate  within  the  pipes  is  3 m/sec  (10  ft/sec).  The  pipes 
have  standard  insulation'  with  an  exposure  of  305  K (90°  F)  , 
80-percent  humidity,  and  a"  change  in  temperature,  delta-T, 
of  6.7  K (12°  F)  . Heating,  by  hot  water,  is  distributed 
through  the  other  two  pipes  at  a flow  rate  of  3 m/sec  (10 
ft/sec) , The  heating  pipes  have  an  exposure  of  261  K (10° 

F)  , and  a delta-T  of  11  K (20°  F)  . 

Electrical  power  is  distributed  to  each  building  by 
primary  feeders  that  are  direct-burial,  copper  insulated 
conductors. with  a transmission  voltage  of  13.8  kilovolts  and 
are  three-phase; wye  connected. 
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The  distribution  of  all  services  within  the  CBD  is  shown 
in  figure  B-20.  The  distribution  of  the  community  utilities 
for  both  design  options  is  accomplished  by  two  types  of 
common  trenches.  The  piping  for  the  fire -protection  water 
and  sewer  is  placed  in  one  trench,  and  the  potable  water  and 
H7AC  piping  is  placed  in  a second  trench  Cfig-  B-21)  . 


Village  Center  HIUS 

The  village  center  HIUS  is  designed  to  provide  some  of 
the  service  requirements  for  the  village  center  (fig.  B-22) . 
a schematic  of  the  village  center  HIUS  is  shown  in  figure 
B-23.  The  power  generation  system  consists  of  four  1750- 
kilowatt  diesel  generators,  and  the  system  is  the  same  as 
the  option  I CBB  HIUS. 

Solid  waste  disposal  is  accomplished  by  four  1360-kg/hr 
(3000  Ib/hr)  incinerators  that  manage  all  the  trash  from  the 
village  center- 

The  chilled  water  distribution  loop  works  in  the  same 
manner  as  the  one  for  the  CBD  HIUS,  except  that  there  are 
three  3956-kilowatt  (1125  ton)  absorption  chillers  and  three 
2690-kilowatt  (765  ton)  electrically  driven  compression 
chillers.  A dual-purpose  pond,  110  by  49  meters  (360  by  162 
feet) , is  used  for  extracting  heat  from  the  chiller 
condenser  water  and  for  firefighting  requirements. 

Sewage  treatment  consists  of  a conventional  biological 
system  designed  for  a 1703-m3/day  (450  000  gal/day) 
capacity.  The  sewage  treatment  process  is  the  same  as  that 
for  the  CBD  BIDS. 

The  1703  ra^/day  (450  000  gal/day)  for  the  village  center 
is  satisfied  by  piping  it  in  from  the  central  potable  water 
treatment  facility.  The  method  used  in  collecting  solid 
waste  for  incineration  is  shown  in  figure  B-24. 

Distribution  of  utilities  to  the  buildings  is  by  common 
trenching  as  in  the  CBD  HIUS  (fig.  B-25) . 


Neighborhood  HIUS 

The  neighborhood  HIUS  is  designed  to  provid.e  some  of  the 
service  requirements  for  the  neighborhood  (fig.  B-26) . A 
schematic  of  the  neighborhood  HIUS  is  shown  in  figure  B-27. 

The  power  generation  system  consists  of  five  1750- 
kilowatt  diesel  generators  in  17  of  the  HIUS*s  and  four 
1750-kilowatt  units  in  the  remaining  four  MlUS's.  This 
configuration  enables  power  to  be  transferred  throughout  the 


community  on  an  electrical  grid.  In  other  respects,  the 
power  generation  system  is  the  same  as  that  in  the  CBD  HIDS. 
The  water  provided  by  the  thermal  extraction  system  is  piped 
only  to  the  higher  density  area  of  the  neighborhood,  because 
the  single-family  detached  buildings  are  all-electric. 

The  high-grade  thermal  energy  is  generated  by  low- 
pressure  steam  heat  recovery  units  on  the  exhaust  of  each 
prime  mover.  This  low-pressure  steam  drives  the  absorption 
chiller  that  is  used  in  the  HVhC  system.  There  is  no 
incineration  in  the  neighborhood  to  supplement  the  high- 
grade  thermal  energy  because  the  trash  is  exported  to  the 
village  center  HIOS  for  incineration. 

A chilled  water  distribution  loop  is  routed  to  the 
buildings  in  the  higher  density  area  of  the  neighborhood  to 
satisfy  the  air-conditioning  requirements.  The  chilled 
water  is  generated  by  a 2595-kilowatt  (738  ton)  absorption 
chiller  and  a 288U-kilowatt  (820  ton)  electrically  driven 
compression  chiller.  A pond  that  is  46  by  30  meters  (150  by 
100  feet)  is  used  for  extracting  the  heat  from  the  chiller 
condenser  water. 

As  in  the  CBD  HIUS,  sewage  treatment  is  by  a 
conventional  biological  system.  The  neighborhood  MIUS 
sewage  treatment  system  is  designed  for  a 1703-m3/day  (450 
000  gal/day)  capacity. 

The  1703-m3/day  (450  000  gal/day)  potable  water 
requirement  for  the  neighborhood  is  satisfied  by  piping 
water  from  the  central  potable  water  treatment  facility. 

Utilities  distribution  is  by  common  trenching.  Figure 
B-25  shows  the  neighborhood  distribution  system- 


village  Complex  MIUS 

The  option  II  village  complex  MIUS  is  designed  to 
^ provide  all  the  service  requirements  for  the  village  center 

'i  and  three  adjacent  neighborhoods  (fig.  B-28)  . Figure  B-29 

is  a schematic  of  the  village  complex  HIUS. 

The  power  generation  system  consists  of  eight  4415- 
kilowatt  diesel  generators  and  is  the  same  as  that  for  the 
CBD  HIUS.  Water  is  piped  to  the  buildings  in  the  village 
center  and  the  higher  density  area  of  the  neighborhood 
because  the  single-family  detached  buildings  are  all- 
electric. Four  1360-kg/hr  (3000  Ib/hr)  incinerators  manage 
all.  the  trash  from  the  village  center  and  three  adjoining 
neighborhoods. 
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A chilled  water  distribution  loop  is  routed  to  all  the 
village  center  buildings  as  well  as  the  higher  density  areas 
of  the  neighborhoods  to  satisfy  the  air-conditioning 
reguirements.  The  chilled  water  is  generated  by  four  4843- 
kilowatt  (1377  ton)  absorption  chillers  and  four  3774- 
kilowatt  (1073  ton)  electrically  driven  compression 
chillers.  A pond  that  is  110  by  49  meters  (360  by  162  feet) 
is  used  to  extract  heat  from  the  chiller  condenser  water. 

Sewage  treatment  is  accomplished  by  a conventional 
biological  system  designed  for  a 6341-m^/day  (1.675  x 10® 
gal/day)  capacity  and  is  identical  to  that  of  the  CBD  HIUS. 
Potable  water  is  treated  by  coagulation/flocculation, 
clarification,  mixed  media  filter,  and  disinfection.  This 
system  has  the  same  capacity  as  the  sewage  system;  that  is, 
6341  mVday  (1.675  x 10®  gal/day). 

The  distribution  of  the  utility  services  is  by  the 
common  trenching  method  described  earlier.  Figure  B-30  is  a 
diagram  of  the  distribution  system  for  a typical  village 
complex  BIDS.  Because  the  water  is  treated  at  each  BIOS 
plant,  the  raw  water  must  be  brought  into  the  community  and 
distributed  to  each  BIOS  plant.  Figure  B-31  depicts  the 
water  source  distribution.  The  distribution  equipment  for 
the  CBD,  neighborhood,  village  center,  and  village  complex 
BIOS's  is  given  in  table  B-3, 


COHHUNITY  FUEL  SUPPLY 


The  basic  fuel  for  the  HIUS  plants  is  number  2 diesel 
fuel  oil.  The  fuel  is  delivered  to  the  community  vicinity 
by  rail  tank  car,  and  a 10-day  supply  is  stored  at  a tank 
farm  adjacent  to  the  community.  Fuel  is  transported  to  each 
BIDS  installation  through  an  underground  pipeline  system 
(fig.  B-3':).  In  both  options,  a day's  supply  of  fuel  oil  is 
stored  in  tanks  located  at  the  CBD  and  the  village  center. 


GROWTH  DESCRIPTION 


To  illustrate  the  means  for  handling  the  growth  of  a 
community  segment,  a village  complex  built  over  a 4-year 
period  is  used.  This  example  illustrates  the  typical 
installation  schedule  for  the  equipment  within  the 
particular  HIUS  facility.  The  installation  schedule  for 
air-conditioning,  power  generation,  and  solid-waste 
incineration  is  shown  in  figure  B-33.  This  type  of  schedule 
is  implemented  for  each  HIUS  facility  throughout  the  growth 
of  the  community  over  the  full  20-year  development  period. 


HOHITOE  AND  CONTEOI.  SYSTEM 


The  instrumentation,  control-room  equipment,  and 
operational  philosophy  for  the  community  HIOS  control  and 
monitoring  system  have  been  determined  from  a detailed 
analysis  of  baseline  subsystems.  In  earlier  studies,  a 
general  baseline  set  of  subsystems  was  used  to  configure  a 
typical  MIOS  installation  control  and  monitoring  system. 

The  typical  subsystems  were  as  follows. 

1.  Power  generation  - diesel  engines 

2.  Solid  waste  - incineration 

3.  Liquid  waste  - physical/chemical 

4.  Eater  treatment  - physical/chemical 

5.  air-conditioning  - absorption/compression 

6.  Heating  - water/steam 

The  instrumentation  for  determining  the  operational 
integrity  of  each  of  these  pieces  of  equipment  was  defined, 
a control-room  operational  philosophy  was  developed,  and  the 
total  hardware  costs  were  determined  for  a set  of  the 
subsystems  in  a particular  configuration,  which  included  the 
following  items. 

1.  Four  diesel  engines/generators 

2.  Two  absorption  chillers 

3.  One  centrifugal  chiller 

4.  one  liquid-waste  treatment  subsystem 

5.  One  freshwater  treatment  subsystem 

6.  One  incinerator  {controls  primarily  on  heat 
exchanger) 

The  results  of  this  analysis  are  documented  in  reference 

B-15. 


SYSTEM  EXTEaPOLATIOK  TO  COMMUNITY  HIUS  CONFIGURATION 


In  applying  the  results  of  the  previous  analysis  to 
those  subsystems  selected  for  the  community  MIUS,  it  was 
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first  necessary  to  determine  major  differences  in  the 
subsystems.  Ho  major  differences  were  evident  but  the 
following  two  very  minor  discrepancies  were  found. 

1.  Discrepancy  - The  community  liquid-waste  treatment 
system  is  a biological  one  with  a tertiary  physical/chemical 
system. 

Disposition  - The  biodigester  ahead  of  the 
physical/chemical  system  control  and  monitoring  equipment  is 
an  insignificant  consideration.  The  biodigester  treatment 
does  not  affect  these  control  and  monitoring  techniques. 

2.  Discrepancy  - The  community'  HIUS  heating  and 
cooling  system  uses  cooling  ponds  for  heat  removal  instead 
of  cooling  towers. 

Disposition  - Honitoring  of  concentration  of 
dissolved  solids  in  cooling  towers  was  the  primary  control 
function.  This  same  function  is  also  directly  applicable  to 
the  cooling  pond. 

These  two  items,  in  addition  to  the  more  extensive  grid 
interconnects  for  electrical  power,  fuel,  and  water 
distribution  that  are  required  for  the  community  HIUS, 
constitute  the  changes  to  the  baseline  design. 

In  summary,  the  instrumentation  requirements  are  based 
on  automatic  control  of  those  functions  within  the 
subsystems  that  are  required  to  shut  off  valves,  divert 
flow,  add  chemicals,  increase  steam  output,  maintain  load 
balancing,  etc.  Hhen  the  function  can  be  accomplished 
irrespective  of  routine  operator  intervention,  local 
pneumatic-type  controls  are  used.  These  controls  are 
commonly  a portion  of  the  subsystem  in  less  complex 
installations.  Parameters  that  indicate  the  status  of  these 
local  controllers  are  available  in  the  control  station. 

The  automatic  controller  is  installed  in  the  control 
center  for  those  functions  that  the  operator  periodically 
adjusts  to  maintain  the  control  within  certain  limits.  The 
control  actuation  and  alarm  outputs  are  automatically 
initiated  by  the  controller  as  the  monitored  signals  vary 
about  the  tolerance  levels.  A digital  supervisory  system 
has  been  included  in  each  community  HIUS  installation  and 
serves  as  the  overall  status  monitor  of  the  operations.  The 
computer  that  accomplishes  these  functions  is  a general- 
purpose  minicomputer  of  16-bit  word  size.  An  internal  core 
memory  of  16  000  bytes  is  required  for  storage  of  active 
programs.  This  memory  is  supplemented  by  a magnetic  tape 
(cassette)  for  storage  of  processed  data,  such  as 
significant  changes  in  status  and  appropriate  switching 
action  that  was  required.  The  data  from  the  subsystems 


sensors  and  transducers  are  digitized  at  the  control  center 
and  made  available  to  the  minicomputer  input  data  channels. 
Output  commands  to  the  relay-controlled  switchgear  and  to 
controllers  for  set-point  change  are  transmitted  by  the 
minicomputer  output  channels.  An  interactive  display 
(cathode-ray  tube  and  keyboard)  enables  the  operator  to  call 
up  various  functional  tests  and  operations-monitoring 
routines  for  display  so  that  the  detailed  performance  of  a 
given  area  of  the  HIDS  can  be  evaluated.  This  computer  also 
uses  a teletype  printer  keyboard  that  enables  it  to  serve  as 
a logging  device  to  record  all  significant  change  data. 
Prestored  limits  within  the  computer  provide  for  comparison 
of  incoming  data  with  expected  values.  The  controller  set 
point  and  output  signal  can  be  readjusted  by  the  computer 
system  either  automatically  or  under  operator  control.  A 
record  of  the  automatic  operations  is  printed  for  the 
operator  log. 

Each  HIUS  control  system  will  contain  an  interface  to  a 
central  control  station  for  the  community  project.  On 
receipt  of  the  data  from  a remote  station,  the  central 
station  will  alert  "floating”  maintenance  crews  of  problems 
or  impending  problems  during  the  night  shifts.  When  the 
operator  reports  in  for  his  routine,  he  will  have  the 
printed  log  for  a daily  report  containing  the  summary  of  the 
activities  of  the  previous  night.  The  major  function  of  the 
operator  will  be  to  file  the  report  with  the  central  station 
where  bookkeeping,  logistics  management,  and  maintenance 
(both  preventive  and  corrective)  are  performed  and 
scheduled. 

This  central  control  station  is  a separate  control  room 
that  interfaces  with  all  HIUS  stations  by  communications 
lines  (telephone)  . For  commonality  of  approach,  each 
station  will  provide  the  same  type  of  information  and  expect 
similar  services  from  the  central  station.  The  central 
station  has  been  sized  to  accommodate  resource  allocation 
where  feasible.  Power  distribution  is  the  primary  function 
that  can  be  interconnected  in  a community  grid  network  under 
control  of  the  central  station.  If  the  installed  capacity 
cannot  meet  the  load,  the  central  station  will  determine 
whether  or  not  there  is  excess  capacity  at  another  station 
and  will  perforin  switching  to  meet  the  load  requirements  of 
the  disabled  station.  The  equipment  in  the  central  station 
is  centered  around  a general-purpose  digital  computer  system 
of  32  000-byte  memory  storage  of  18-bit  words.  The  programs 
and  parameter  data  are  stored  on  three  mass  storage  disks, 
each  having  a 2,2  million-word  capacity.  There  are  four 
tape  units  and  one  card/reader/punch,  A 1 000-line/min 
printer  is  required  for  the  report  and  billing  outputs. 
Communication  multiplexers  interface  the  BIOS  control 
centers  by  telephone  lines. 
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In  addition  to  operational  control,  the  central  station 
will  perform  the  data -processing  jobs  (such  as  billing  and 
payroll)  that  are  a necessary  part  of  utilities  management. 
The  complement  of  equipment  that  is  necessary  to  do  this  job 
will  not  be  taxed  on  a 100-percent  basis.  Bore  than  50 
percent  of  the  system  time  is  expected  to  be  available  for 
other  functions  that  are  inherent  in  municipal  management, 
such  as  tax  computation  for  cities  and  schools.  Hevenues 
for  this  type  of  function  will  be  realized  because  typically 
they  are  computerized  by  separate  rental/purchase 
arrangements. 

Table  B-4  summarizes  the  monitoring  and  control 
equipment  for  the  CBD  HIOS,  the  option  I village  center 
Hius,  the  option  I neighborhood  HIlTS,  and  the  option  II 
village  complex  BIDS  at  one-third  of  the  final  configuration 
(the  end  of  the  20-year  development)  . 
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TABLE  B'1,-  COHMONITY  LOADS  SUMMARY  FOR  THE  H«S 


Facility 

Unit  loads 

o*/capita/day  (gal/capita/day) 

Total  wastewater 
flow,  ia*/day  (gal/day) 

Total 

«*/day 

hot  water, 
(gal/day) 

Keighborhood 

Single-f aaily  homesi 

0.24 

(64) 

688 

(181 

815) 

310 

(81  995) 

Townhouse* 

.24 

(64) 

314 

(82 

944) 

144 

(37  921) 

Garden  apartment* 

-24 

(64) 

147 

(38 

782) 

67 

(17  756) 

Eleaentary  school* 

,076 

(20) 

30 

_J(2. 

BOO) 

5 

n 2401 

Total 

1179 

(311 

341) 

526 

(138  912) 

Village  center 

High-rise  apartment* 

,23 

(60) 

264 

(69 

828) 

117 

(30  795) 

High  school* 

.10 

(25) 

131 

(34 

508) 

31 

(8  282} 

Middle  school* 

.10 

(25) 

131 

(34 

508) 

31 

(8  282) 

Office  building* 

,10 

(25) 

189 

(50 

000) 

12 

(3  150) 

Local  shopping  center* 

♦.004 

(-1) 

28 

(7 

503) 

2 

(472) 

Recreation  center* 

.04 

(10) 

8 

OOOL 

4 

_il_  120), 

Total 

751 

(198 

347) 

197 

(52  101) 

Town  center 

High-rise  apartment* 

.23 

(60) 

352 

(93 

104) 

155 

(41  060) 

College* 

.06 

(15) 

134 

(35 

325) 

2 

(494) 

Hospital® 

6.76 

(200) 

285 

(75  337) 

111 

(29  380} 

inn* 

6.15 

(40) 

695 

(183 

600} 

269 

(71  022) 

Office  building* 

.09 

(25) 

757 

(200 

000) 

48 

(12  600) 

Shopping  sail* 

*.004 

(.1) 

993  (262 

278) 

82 

_I21_ZQ8l 

Total 

3216 

(849 

644) 

667 

(176  294) 

^Reference  B-7, 
ssReference  B-8. 

^Reference  B-9. 

♦a^/day/aa (gal/day/ft®) . 

spsrsonal  coaounication,  Pollutrol  Technology,  Inc. 
*a3/day/bed (gal/day/bed) . 


(Portland,  Maine) 
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TABLE  B-2.-  COHHOKITY  SOLID-WASTE  LOADS 


1 

Facility 

Load,  kg/day  (Ib/day) 

Neigliborhoods 

Single-family  dwelling 

6 468  {14  260) 

Townhouses 

2 939  (6  480) 

Garden  apartments 

1 396  (3  078) 

Schools 

100  l2gQ) 

Total 

10  903  {24  033) 

Total  for  21  neighborhoods 

228  976  (504  798) 

Village  centers 

High-rise  apartments 

2 722  (6  000) 

Schools 

596  (1  313) 

Office  buildings 

2 139  (4  716) 

Shopping  centers 

2 556  _£5  636) 

Total 

8 013  (17  665) 

Total  for  7 village  centers 

56  090  (123  655) 

Town  center 

College 

602  [1  328) 

Mall 

55  977  (123  408) 

Inn 

2 126  {4  688) 

Hospital 

6 269  (13  820) 

High-rise  apartments 

3 629  (8  000) 

Office  buildings 

a 553  118  857) 

Total 

77  156  {170  101) 

Total 

362  229  (798  564) 

ORIGINAr  PAGE  IS 
OF  POOR  QUALITY 


TABLE  B-3,“  DISTBIBUTIOB  SOWdiBy 
(a)  Electrical  and  HVAC  subsystems 


Parameter 

CBD 

Village  center 

Neighborhood 

Village  coaplex 

Electrical 

(2-sigma)  design 

Distribution  type • 

Wye 

Wye 

Hye 

Hye 

voltage,  kv  

3.18 

3.18 

3.18 

3.18 

Hire  size  (copper) 

Phase  conductor  

600  nCH 

350  nCH 

500  MCM 

500  MCM 

Heutral 

1/0 

1/0 

4/0 

1/0 

Wire  length,  m (ft) 

• 

Phase  conductor  ....... 

16  916  {55  500) 

4267  (14  000) 

31  135  (102  150) 

97  704  (320  550) 

Neutral  

5639  (10  500) 

1433  (4700) 

10  378  (34  05C) 

32  568  (106  850) 

Transformer  size,  kw  

4000 

BO 

80 

80 

No.  of  transformers  

9 

01 

107 

395 

Switchgear  size,  kH  

000 

800 

80 

800 

No.  of  switchgears  

45 

0 

11 

40 

kw/feeder  ...  

8953 

6477 

8529 

7096 

No.  of  feeders  

4 

1 

1 

4 

Average  power  factor  ..... 

0.9 

0.9 

0.9 

0.9 

Feeder  service  ........ 

Underground 

Underground 

Underground 

Underground 

HVAC 

Configuration  ......... 

Three-loop, 

One-loop, 

one-loop. 

Pour-loop,  1 

four-pipe 

four-pipe 

four-pipe 

four-pipe 

Loop  1 

Length  of  each  pipe. 

B (ft)  

1768  (5800) 

1509  (4950) 

1753  (5750) 

2530  (8300) 

Diameter  of  cooling 

pipes,  cm  (in.)  

51  (20) 

51  (20) 

30  (12) 

30  (12) 

Diameter  of  heating  pipes. 

cm  (in.)  . 

31  (12) 

20  (B) 

30  (12) 

20  (0) 

Loop  2 

Length  of  each  pipe. 

B (ft) 

1951  (6400) 

’ - 

- - 

3216  (10  550) 

Diameter  of  cooling 

pipes,  ca  (in.) 

61  (24) 

- - 

- 

31  (12) 

Diameter  of  heating  pipes. 

ca  (in.)  

20  (8) 

20  (8) 

Loop  3 

Length  of  each  pipe. 

a (ft)  ....  

2637  (8650) 

“ - 

- 

2941  (9650) 

Diameter  of  cooling  pipes. 

CB  (in.)  

61  (24) 

- - 

* 

31  (12) 

Diaaeter  of  heating  pipes. 

ca  (in.)  ......... 

31  (12) 

20  (B) 

Paraoetec 


CBD 


Village  center 


Neighborhood 


Village  conplex 


J I L 


Fire  systeo 


Length  of  pipes,  o (ft) 

6-in.  diam.  

- - 

183  (600) 

6614  (21  700) 

20  696  (67  900) 

B-in.  diaa.  ........ 

594  (1950) 

884  (290  0) 

1768  (5800) 

4 679  (15  350) 

10-in.  diapg.  

- - 

- - 

2134  (7000) 

10  211  (33  500) 

12-ln.  diaa 

1097  (3600) 

472  (1550) 

- - 

290  (950) 

14-in.  dian 

- - 

- - 

213  (700) 

16-in.  dian.  ........ 

2149  (7050) 

--  - 

- " 

— “ 

Potable 

water  supply 

Length,  n (ft) 

I.S-in.  dian . 

«.  - 

- - 

46  (150) 

305  (1000) 

2^xn*  •••*• 

- - 

107  (350) 

305  (1000) 

1204  (3950) 

3-in.  dian 

152  (500) 

183  (600) 

7544  (24  750) 

21  412  (70  250) 

4-in.  diao 

122  (400) 

- - 

- - 

- - 

6-in.  dian . 

823  (2700) 

777  (2550) 

2592  (B500) 

6721  (22  050) 

3-in.  dian.  ........ 

64  0 (2100) 

335  (1100) 

732  (2400) 

3871  (12  700) 

12-in.  dian.  . . 

1082  (3550) 

- - 

- - 

1204  (3950) 

14-in.  dian.  ........ 

945  (3100) 

- - 

- - 

^ — 

16-in.  dian.  ........ 

- - 

305  (1000) 

wastewater 


Length,  a (ft) 

6-in.  dian 

8-in.  dian.  ......... 

1250 

(4100) 

122  (400) 
1402  (4600) 

9434  (30  950) 

29  337  (96  250) 

10-in.  dian.  ........ 

229 

(750) 

- “ 

11  125  (36  500] 

381  (1250) 

12-ln.  dian.  ...  ..... 

320 

(1050) 

305  (1000) 

- - 

- 

15-in.  dian.  . . 

945 

(3100) 

- - 

*-  - 

1021  (3350) 

16-in.  dian.  ........ 

975 

(3200) 

- - 

- - 

335  (1100) 

21-in.  dian.  ........ 

24-in.  dian.  ... 

— 

- - 

- - 

274  (900) 
472  (1550) 

>1^ 


= to 

1 

to 
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TABLE  B-4.-  SOaKifil  OP  THE  BIOS  BOKITOBIBG  iKD  COHTHOL  STSIEB  AT  OHB-THIHD  GHOWTH 

(a)  The  CBD 


ftd  Q 

o a 


Subsystaa 

Central  controls  and  instruaentation 

Supervisory  and  interface  agulpaent 

Factors  seasarad 

Ho.  of  units 

Cost/unit 

Total  cost 

Description 

Cost. 

PoHOE  generation  (diesels) 

Floes,  teaperature, 
pressure,  level 

3 

111  BOO 

£35  400 

Digital  supervisory  control 
systea  (coapnter,  aeaory, 
display,  printer,  tape,  etc.) 

£50  000 

Pouer  generation  (generators) 

Teaperature, 

vibration 

3 

3 440 

10  320 

Data  input/output  for  all 
subsysteas  signals  and 
interfacing  instruaentation 

SO  000 

HTAC  absorption  chiller 

Flovs,  teaperature, 
pressure,  level 

3 

13  760 

41  280 

Interfacing  instruaentation, 
floss,  pressure,  teapera- 
ture,  distribution  lines, 
etc. 

35  OOP 

HTAC  centrifugal  chiller 

Pious,  teaperature, 
pressure 

3 

11  935 

35  60S 

Control  rooB  installation, 
panel  board 

7 000 

Li gold  vaste 

Pious,  teaperature, 
pressure,  special 
analyzers 

1 

41  370 

41  370 

Softuare  application 

55  000 

Rater  treatment 

Flous,  teaperature, 
pressure,  special 
analyzers 

1 

15  970 

15  970 

Hot  applicable 

Incinerator 

Heat  exchanger, 
flow,  teaperature, 
pressure,  fuel 
flov 

5 

3 000 

15  000 

Hot  applicable 

Total 

Total  suhsysten  cost 

S195  145 

S197  dOQ 
1392  145 

(T 

ll 

tia 


rt 


SabsysteM 


Central  cantrols  and  Instrunentation 


SuperYlsory  and  interface  eguipnant 


Factors  aeasured 

Ho.  of  units 

Cost/unit 

Total  cost 

Description 

Cost 

Paver  generation  (diesels) 

Flovsr  tenperature, 
pressure,  level 

4 

sn 

800 

S47 

200 

Digital  supervisory  control 
systen  (cotaputer  nenory, 
display,  printer,  tape, 
etc.) 

£50 

000 

Pover  generation  (generators) 

Teaperature,  vibra- 
tion, volt  (pouer 
supplied  with 
generator) 

4 

3 

440 

13 

760 

Data  inpQt/antput  for  all  Of 
subsystens  signals  and 
interfacing  instcasenta- 
tlon 

SO 

000 

RTIC  absorption  chillers 

Flows,  tenperature, 
pressure,  level 

4 

13 

760 

55 

040 

Interfacing  instrunentation 
(flows,  pressure,  tcapera- 
ture,  for  distribution 
lines,  etc,) 

35 

000 

BTIC  centrifugal  chillers 

Flows,  tenperature, 
pressure 

4 

11 

935 

47 

740 

Control  roon  installation 
panel/board 

11 

000 

Liquid  vaster  physical/ 
chexlcal 

Flows,  tenperature, 
pressure  load, 
special  analyzers 

1 

41 

370 

41 

370 

Software  (applications) 

55 

000 

incinerator 

Heat  exchanger, 

flows,  tenperature, 
pressure,  fuel 
control 

4 

3 

000 

12 

000 

Hot  applicable 

fotal 

fotal  subsysten  cost 

5217 

110 

£201 

£418 

000 

110 

Subsystea 

Central  controls  and  Instruaentation 

SuperTlsory  and  interface  egulpnent 

Factors  aeasured 

Ho.  of  units 

Cost/nnit 

Description 

Cost 

Poaer  generation  (diesels) 

Flows,  teaperature, 
pressure,  level 

5 

XII  BOO 

X59  OOO 

Digital  supervisor  control 
systea  (coaputer,  eesory, 
display,  printer,  teletype, 
tape,  terNinal  panels) 

950  000 

Power  generation  (generators) 

Teaperature,  vibra- 
tion (voltage 
power  supplied  by 
vendor) 

5 

3 440 

17  200 

Data  input/output  for 
subsystcK  signals  and 
interfacing  instcuxen- 
tation 

SO  000 

BTAC  absorption  chillers 

Flows,  teaperature, 
pressure,  level 

1 

13  760 

13  760 

Interfacing  instrusentation 
(flows,  pressure,  tenpor- 
atnrc)  on  distribution 
pipelines  etc. 

30  000 

HVAC  centrifugal  chillers 

Flows,  teaperature, 
pressure 

1 

11  935 

11  935 

Control  roosi  installation 
(panel) 

8 000 

Lignid  waste,  physical/ 
cheaical 

Flows,  teaperature, 
pressure,  load, 
special  analyzers 
(includes  cooling- 
tower  water) 

1 

41  370 

41  370 

■ 

Software  (applications) 

.,S5_ffi.9P 

Total 

Total  subsystea  cost 


S143  265 


9193  000 
9336  265 


,-30 


TABLE  B-4, - Concluded 


(d)  Option  II  Tillage  coupler 


Subsfsten 

Central  controls  and  Instmaentation 

Supervisory  and  interface  egnlpHOat 

Factors  Beasured 

Ho.  of  units 

Cost/unit 

Total  COS’ 

Description 

Cost 

Pouer  generation  (diesel) 

Flows,  tenperature, 
pressure,  level 

8 

S11  BOO 

$94  400 

Digital  supervisory  controls 
systea  (coapoter  BBaoty, 
display,  printer,  teletype, 
tape,  terninals) 

$50  000 

Generators 

Tenperature,  vibra- 
tion 

a 

3 440 

27  520 

Data  input/output  for 
subsysten  signals  and 
interfacing  Instrunenta- 
tion 

80  000 

HVAC  absorption  chillers 

Flows,  tenperature, 
pressure,  level 

4 

13  760 

55  040 

Interfacing  Instruneotation 
(flows,  pressure,  ten- 
peratnre)  on  distribution 
pipelines,  etc. 

60  000 

nVAC  centrifugal  chillers 

Flows,  tenperature, 
pressure 

4 

11  93S 

47  740 

Control  room  installation 
panel  board 

20  000 

Liquid  vaste 

Plows,  tenperature, 
pressure,  load, 
special  analyzers 

1 

41  370 

41  370 

Software  application 

55  000 

Incinerator 

Heat  exchanger, 
flows,  tenpera- 
ture,  pressure, 
fuel  flow 

4 

3 goo 

12  000 

Hot  applicable 

Hater 

Flows,  tenperature. 

1 

15  970 

15  970 

Hot  applicable 

pressure,  special 
analyzers 

Total 

Total  subsystea  cost 

$294  040 

S26S  000 
$559  040 

3 Neighborhood 
fiin  Village  center 
□ Central  business  district 
B industry 
^ Lake 


^ Neighborhood  MIUS 
0 Village  center  MIUS 
* CBD  MIUS 


(a)  Option  I. 

- New  community  for  MIUS. 

. . . ...t  .... 


Eleclrifal  load,  kW  Electrical  load,  kW 


(a)  713  single-family  dwellings. 


(b)  324  townhouses. 

Figure  B-2.-  Community  electrical- load  profiles  (domestic  loads  only) 

B-33 


(d)  Elementary  school. 
Figure  B-2.-  Continued. 
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Electrical  toad,  kW 


a .m . "I !»■  p .m , 

Time  of  day 

(i)  High  school, 

. Monday  through  Saturday 
— — — Sunday 

Facility  motors 


(j)  Shopping  center,  (No  environmental  conditioning  is  included 

except  for  fan  coil  units.) 


Figure  B-2,-  Continued 


Electrical  load,  kW 


300 


] 


■ — — ■ Monday  through  T jay 
_ Saturday  and  Sunday 
, — Exterior  and  parking- 
area  lights 


JL 

6 


i. 

9 


12 


3 


1 


a.m. 


Time  of  day 


Cm)  College o 


Monday  through  Sunday 


t lect 


Monday  through  Sunday 


6 9 ' 12  .3 

6 9 

a .m.  j ¥-  p .m. 

Time  of  day 

(o)  200-room- high-rise  hotel. 

- Monday  through  Sunday 

6 9 12  3 

^ p.i 

Time  of  day 

Cp)  384-bed  hospital. 
Figure  B-2.-  Concluded 


Electrical  load  / kW 


uru 


T-l 


500 


400  " 
300  - 


200 


Total  load  for  three 

neighborhoods  and  one 
village  center 

— — — — — Water  treatment  plant 

(potable  and  sewage)  for  a 
neighborhood  and  a 
village  center 
Potable  water  distribution 
and  collection 
for  a neighborhood 
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Figure  B-3.-*  Water  treatment  plant  and  distribution  motor  loads 
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Figure  B-4.-  Electrical  load  profiles  for  street  lighting 
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(d)  Comparison  of  MI0S  and  conventional  systems  total  project 
domestic  electrical  growth  {includes  air-conditioning  for 
single-family  dwellings);  design  case,  7 p,m. 


Figure  B-6.-  Concluded 
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(a)  Single-family  dwelling. 

Figure  B-7.-  Daily  profiles  for  heating/cooling  loads  for  each  season. 
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(c)  Garden  apartment. 
Figure  B-7.-  Continued. 
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(e)  Local  shopping  center. 
Figure  B-7.-  Continued. 
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(j)  Regional  shopping  center. 
Figure  B-7,-  Continued. 
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(k)  Office  building. 
Figure  B-7.-  Continued. 
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Figure  B-8.-  Total  project  cool 
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Figure  B-11.-  Solid  waste  loads. 
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Figure  B-14.-  The  CBD  MIUS  diesel-engine  generator  heat  recovery  and  cooling 

schematic. 
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Figiire  B-15.-  Typical  MIUS  HVAC  system  schematic. 


wastewatef 
dumping 


Preliminary/ 
primary 
(Seimag  | 


C lari  tower) 


Sludge  | 
pumping 


C--I  ^ 


Biological 

nitrification/ 

denitrification 


1 F low 

i equalization 


Secondary 

clarifier 


Coagulation  | Flocculation 


Sedimentation 


Sludge 

thickening 


|/Vacuum\ 
' filter  /] 
' 


T ertiary 
pumping 


i Carbon 
; dewatering 


Surge 

tank 


Incineration 


Carbon 

regeneration 


Ash  to  landfill 


Effluent  (reclaimed  water) 
to  irrigation/cooiing  pond 


1 -t 

( 

Emergency 
holding  pond 



Disinfection 

(chlorine) 

-< — — 

Filtration 

\ 

Carbon 

column 

Figure  B-16,-  Waste  management  siabsystem  wastewater  treatment  plant  schematic, 
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Figure  B-23,-  Village  center  MIUS  schematic. 
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Figure  B-25.-  Neighborhood  and  village  center  option  I distribution  system 
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Figure  B-28.-  Village  complex  MIUS. 
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Figure  B-29,-  Village  complex  MIUS  schematic, 
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Figure  B-30.-  Neighborhood  and  village  center  option  II  distribution  system. 
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Figure  B-31.-  Option  II  water  source  distribution 
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Figure  B-32,-  Fuel  oil  distribution  system  for  MIUS 
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APPENDIX  C 


COaHUPITI  ESES6Y  AHALISIS  SUPPORTIVE  DATA 
ESOP  ANALYSIS 


The  Energy  System  Optimization  Program  (ESOP)  aas  first 
used  to  determine  peak  eguipnent  loads  for  eguipment  sizing* 
This  determination  was  made  hy  performing  analyses  for  the 
summer  and  winter  seasons  using  hourly  weather  data  (which 
are  two  standard  deviations  above  and  below  the  mean, 
respectively)  for  the  Washington,  D.c*,  area*  The  data  for 
January  were  used  for  the  winter  season  and  July  data  were 
used  for  the  summer  season. 

After  the  design  loads  were  determined,  preliminary 
prime  mover  selections  were  made  and  were  used  for 
subsequent  energy  analyses  with  mean  weather  data.  Mean 
data  for  January,  April,  July,  and  October  were  used, 
respectively,  for  winter,  spring,  sumiaer,  and  fall  seasonal 
analyses. 


COSHONITY  ELEMENT  DATA 


A complete  set  of  data  for  each  community  element  at  the 
end  of  its  development  period  is  given  in  figures  C-1  to 
C-29.  Each  set  of  data  consists  of  a summary  comparison  of 
the  MI US  to  a conventional  utility  system  on  an  annual 
basis,  a bar  chart  showing  HIUS  seasonal  fuel  consumption,  a 
set  of  energy  utilization  charts  showing  both  annual  and 
seasonal  energy  flows  for  the  various  services  provided  by 
the  HIDS,  charts  showing  the  EIUS  seasonal  thermal 
efficiency  and  percent  of  total  heat  utilized,  and  a set  of 
curves  showing  hourly  heat  availability  and  utilization  for 
both  high-  and  low-grade  heat  for  the  winter  and  summer 
seasons.  This  information  is  included  for  each*  of  the 
community  elements;  neighborhood,  village  center,  village 
complex,  and  central  business  district  (CBD) . The  CBD  is 
common  to  both  the  29-MIUS  option  (option  I)  and  8-MIOS 
option  (option  II)  , whereas  the  neighborhood  and  village 
center  data  apply  only  to  option  I and  the  village  complex 
data  apply  only  to  option  II. 
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In  both  options,  trash  incineration  at  the  village 
centers  included  trash  for  the  three  associated 
neighborhoods.  This  fact  is  evident  in  all  the  energy 
utilization  data.  All  the  comparisons  between  HI OS  and 
conventional  energy  reguirements  were  made  with  the 
conventional  configuration  that  uses  electrical  strip 
heaters  for  space  heating  in  the  townhouses  and  garden 
apartments  rather  than  unitary  heat  pumps.  These 
comparisons  were  made  for  consistency  because  the 
conventional  system  that  was  defined  for  cost  comparisons 
included  strip  heating.  In  every  instance,  the  single- 
family  dwellings  used  individual  unitary  heat  pumps  for  air- 
conditioning  and  space  heating.  A bar  chart  that  shows  an 
energy  comparison  to  both  conventional  configurations  is 
included  in  those  figures  presenting  total  community  data. 

The  annual  energy  utilization  bar  charts  show  a summary 
of  the  Bins  energy  input  and  the  relative  amount  of  energy 
used  by  each  of  the  services  provided  by  the  HIOS.  The 
energy  utilization  flow  charts  indicate,  in  more  detail  than 
the  annual  bar  charts,  the  energy  input  and  energy 
utilization.  The  flow  charts  are  included  for  both  annual 
and  seasonal  totals  and  show  the  temperature  level  of  waste 
heat  utilized  for  each  service,  the  amount  of  electricity 
used  for  air-conditioning,  and  the  amount  of  unused  waste 
heat.  A guide  for  interpreting  the  energy  utilization  flow 
charts  is  shown  in  figure  c-1. 

The  heat  availability  and  utilization  curves  present 
hourly  data  based  on  seasonal  average  weather  conditions  for 
each  community  element  for  both  high-  and  low-grade  heat. 
Low-grade  heat  is  defined  as  the  heat  available  from  the 
engine  water  jackets  and  oil  coolers  and  is  used  for 
domestic  hot  water  heating  and  for  space  heating.  High- 
grade  heat  is  the  heat  available  from  the  engine  exhaust  and 
incineration  and  is  used  to  satisfy  any  low-grade  heat 
requirement  not  satisfied  by  low-grade  heat  and  for 
operation  of  the  absorption  chillers.  The  point  at  which 
the  lines  on  the  curves  coincide  represents  the  time  when 
the  demand  for  either  grade  of  heat  equals  or  exceeds  the 
available  heat.  Thus,  on  the  high-grade  heat  curves,  any 
point  at  which  the  lines  coincide  represents  a time  when 
compression  chillers  are  being  operated  to  satisfy  the  air- 
conditioning  demand.  The  resulting  available  heat  shown 
includes  that  which  is  available  because  of  generation  of 
electrical  power  required  by  the  compression  chillers. 
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COH7EHTIONAL  DATA 


Energy  utilization  data  and  fuel  consuaption  data  for  a 
conventional  utility  system  are  presented  in  figures  C-30 
and  C-31  for  each  of  the  coaaunity  eleaents  and  for  the 
completed  community  at  the  end  of  the  20-year  development 
period.  The  data  reflect  the  energy  consumption  for  the 
conventional  system,  which  uses  strip  heaters  for  space 
heating  in  the  garden  apartments  and  toanhouses. 


- THE  HIUS  DATA  FOR  THE  20TH  YEAR 

V- 


Energy  utilization  data  and  fuel  consumption  data  are 
presented  in  figures  c-32  to  C-43  for  the  total  community 
served  by  the  KIOS  at  the  end  of  the  20-year  development 
period,  A complete  set  of  data  is  presented  for  both  option 
I and  option  II , 

Included  for  each  option  are  a summary  comparison  of  a 
conventional  utility  system,  bar  charts  showing  HIUS  annual 
fuel  consumption,  annual  fuel  savings  as  compared  to  both 
conventional  configurations  (strip  heating  and  heat  pumps) , 
HIUS  seasonal  thermal  efficiency,  and  HIUS  annual  energy 
utilization.  Also  included  are  annual  and  seasonal  flow 
charts  shouing  the  sources  and  utilization  of  energy  for  the 
various  services  provided  by  the  HIUS. 


DATA  FOR  THE  4TH--  AHD  10TH-YEAS  GEOHTH  POINTS 


Energy  analysis  data  for  the  4th  and  10th  years  of  the 
20-year  development  period  of  the  community  are  presented  in 
figures  C-44  to  C-70.  For  the  4th-  and  lOth-year  points, 
the  neighborhood,  village  center,  and  village  complex 
analyses  are  virtually  identical  except  for  the  multiples  of 
the  typical  community  elements  completed.  At  the  end  of  the 
4th  year,  one  village  center  and  the  three  associated 
neighborhoods  are  complete,  and  2 years  of  a 4-year 
development  are  completed  on  the  second  village 
center/neighborhood  complex.  At  the  end  of  the  10th  year, 
the  same  configuration  exists  except  that  three  village 
center/neighborhood  complexes  are  completed.  Because  the 
CB0  is  not  developed  in  identical  phases,  it  was  analyzed 
separately  for  the  two  growth  points. 

Figures  C-44  to  C-47  and  C-58  present  the  energy 
utilization  for  each  community  element,  which  is  different 
from  previously  presented  data.  The  data  for  the 
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neighborhood^  village  center,  and  village  complex  for  the 
4th  year  also  apply  to  the  10th  year,  whereas  the  data  for 
the  CBD  is  presented  for  both  growth  points. 

Figures  C-48(aJ  and  C-59(a)  show  the  fuel  consumption 
for  the  conventional  utility  system  that  is  required  to 
satisfy  the  same  loads  used  for  Hias  analyses.  The 
conventional  configuration  uses  electric  strip  heaters  for 
space  heating  in  the  townhouses  and  garden  apartments. 

Figures  C-48(b)  to  C-57  and  C-59(b)  to  C-68  present  the 
energy  analysis  data  for  option  II  and  option  I in  a format 
similar  to  that  used  for  the  20th-year  analysis, 
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COHHONITT  GROWTH  SOHHAKY 


A summary  of  fuel  consumption,  energy  savings,  and 
thermal  efficiency  daring  the  development  period  is 
presented  in  figures  C-69  and  C-70  for  the  two  HIOS 
community  options.  Figure  C-69  shows  annual  fuel 
consumption  and  energy  savings  for  each  year  in  the 
development  period.  Points  other  than  the  4thr  10th,  and 
20th  year  are  based  on  extrapolations  of  the  yearly 
electrical  loads  throughout  the  developsant  period*  Ho 
detailed  energy  analyses  were  performed  using  the  ESOP 
computer  program  for  the  intermediate  points;  however,  the 
data  presented  should  be  indicative  because  electrical  load 
is  the  major  drive  in  fuel  consumption.  Figure  C-70  shows 
thermal  efficiency  and  the  percent  of  heat  utilized  for  both 
options  at  the  three  growth  points  analyzed. 

The  comparison  between  option  I and  option  II  shows  very 
little  difference  in  fuel  consumption  for  the  entire 
community  throughout  the  development  period.  When  the  two 
options  are  compared  with  a conventional  utility  system, 
option  II  shows  slightly  more  than  38  percent  energy  savings 
and  option  I shows  slightly  less  than  38  percent  energy 
savings.  The  same  relative  relationship  exists  for  all 
growth  points  considered. 
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Figure  C-1.-  Explanation  of  derivation  of  values  for  energy 

utilization  flow  charts. 
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Figure  C-2,-  Comparison  of  annual  figures  for  a neighborhood  IlIUS 

and  a conventional  system. 


C-S 


Fuel  consumption,  TJ  (Btu) 


Figure  C-S,-  Neighborhood  MIUS  fuel  consumption, 

PM  Prime  mover 


Figure  C-4.-  Bar  chart  showing  neighborhood  MIUS  annual  energy 

.utilization;  ■ ' ^ 


Fuel  consumption  (diesel  oil), 


V- 


1- 


o. 


29  347  GJ 
(8152  MVWi) 


480  GJ 

(0 ,003794x10°  Blu> 


19,3x103  m3 
(5.240x10^  gal) 


13  703GJ  , 

(12  997x10°  Blu) 


14  593GJ  . 2356  GJ 

(13  841x10°  BUJ)  (2235x10°  Btu) 


Unused  recovered  heat 


Thermal  eFFlctency  = 60 .74  percent 


Heal  utilized  = 51 .4  percent 


(a)  Winter, 


o 0> 


10  658GJ  , 

(10  109x10°  Btu) 


7243  GJ 
(6870x106  Btu) 


Unused  recovered  heat 


Thermal  eFficlency  = 54,22  percent 
Heat  utilized  = 37  percent 


(b)  Spring, 

Figure  C-5,-  Neighborhooii  MIUS  energy  utilization. 
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(d)  Fall. 

Figure  C- 5, -Continued, 
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Figure  C-6.-  Neighborhood  MIUS  thermal  efficiency. 
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Figure  C-9,-  Comparison  of  annual  figures  for  a village  center 

MIUS  and  a conventional  system. 
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Figure  C-10.- 


Village  center  MIUS  fuel  consumption. 
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Figure  C-11,-  Bar  chart  showing  village  center  MIUS  annual  energy 

utilization. 
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Figure  C-12.-  Continued. 
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Figure  C-13.-  Village  center  MIUS  thermal  efficiency 
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Figure  C-14,“  Village  center  MIUS  low-grade  availability  and 
utilization  (based  on  average  weather  and  floating  air- 
conditioning)  . 
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Figure  C-15.-  Village  center  MIUS  high-grade  heat  availability 
and  utilization  (based  on  average  weather  and  floating  air- 
conditioning)  . 
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Figure  C-16.-  Comparison  of  annual  figures  for  a village 
complex  MIUS  and  a conventional  system. 
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Figure  C-17,-  Village  complex  MIUS  fuel 
consumption. 
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Figure  C-18.-  Bar  chart  showing  village  complex  MIUS  annual 

energy  utilization. 
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village  complex  MIUS  energy  utilization. 
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Figure  C-21.-  Village  complex  MIUS  high-grade  heat  availability 
and  utilization  (based  on  average  weather  and  floating  air- 
conditioning)  . 
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Figure  C-23.-  Comparison  of  annual  figures  for  a CBD  MIUS  and 

a conventional  system. 


Figure  C-24.-  The  CBD  MIUS  fuel  consumption. 
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Figxtre  C-2.5.-  Bar  chart  showing  CBD  MIUS  annual 
energy  utilisation. 
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Figure  C-26.-  The  CBD  MIUS  energy  utilization. 
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Figure  C-27.-  The  CBD  MIUS  thermal  efficiency 
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Figure  C-28.-  The  CBD  MIUS  low-grade  heat  availability  and 
utilization  (based  on  average  weather  and  floating  air- 
conditioning)  . . 
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Figure  C-30.-  Annual  energy  utilization  for  a conventional  system 
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Figure  C-30.-  Continued. 
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Figure  C-31 Annual  fuel  consumption  for  a conventional  system 

at  the  20-year  point. 
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Figure  C--32.-  Comparison  of  annual  figures  for  the  8-MIUS 
option  total  community  and  a conventional  system  at  the 
20-year  point. 
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Figure  C-33.-  Annual  fuel  consumption  for  the  8-MIUS  option  at 

the  20-year  point. 
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Figure  C-34,-  Annual  fuel  savings  of  the  8-MIUS  option  at  the 
20-year  point  as  compared  to  a conventional  system. 
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Figure  C-35.-  Community  8-MIUS  option  thermal  efficiency  at  the 

20-year  point. 
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Figure  C-36,-  Bar  chart  showing  community  B-MIUS  option  annual 
energy  utilissation  at  the  20-year  point. 
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Figure  C-37,-  The  conununity  8-MIUS  option  energy  utilization  at 

the  20-year  point. 
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Figure  C-38.-  Comparison  of  annual  figures  for  the  29-MIUS  option 
total  community  and  a conventional  system  at  the  20-year  point. 


origimalpaoe® 

OF  POOR 


C-41 


Fuel  consumption,  TJ  (Btu) 


(10x1012) 


280.47x^3 

(74.1x10°) 


224.37 

(59.28) 


168.05 
(44 .4) 


112.19 

(29.64) 


56.09 
(14 .82) 


0 


Neighborhood  Village  CBD  Community 

centers 


n 


Figure  C-39.-  Annual  fuel  consumption  for  the  29-MIUS  option  at 

the  20-year  point. 
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Figure  C-40.-  Annual  fuel  savings  for  the  29-MIUS  option  at  the 
20-year  point  as  compared  to  a conventional  system. 
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Figure  C-42.-  Bar  chart  showing  community  29-MIUS  option  annual 
energy  utilization  at  the  20-year  point. 
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Figure  C-43.-  The  29-MIUS  option  community  energy  utilization  at 

the  20-year  point. 
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Figure  C-44.-  Weighborhooii  energy  utilization  for  the  2d  year  of 

the  4-year  development. 
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Figure  C-45,-  Village  center  energy  utilization  for  the  2d  year 

of  the  4-year  development. 
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Figure  C-46.-  Village  complex  energy  utilization  for  the  2<i  year 

of  the  4 -year  (development. 
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Figure  C-47,-  The  CBD  phase  I energy  utilization  for  the  3rd  year 

of  the  5-year  development* 
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(b)  The  8-MIUS  option. 

Figure  C-48.-  Annual  fuel  consumption  for  a 4-year  growth  period 
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-49,-  Annual  fuel  savings  of  the  8-MIUS  option  at  the  4- 
year  point  as  compared  to  a conventional  system. 
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C-50.-  Community  8-MIUS  thermal  efficiency  at  the  4-year 

growth  point. 
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Figure  C-51.-  Bar  chart  showing  annual  energy  utilization  for  the 
8-MIUS  option  at  the  4-year  growth  point. 
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Figure  C-52,-  Community  8-MIUS  option  energy  utilization  at  the 

4-year  growth  point. 
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Figure  C-53,-  Annual  fuel  consumption  for  the  29-MIUS  option  at 

the  4-year  growth  point. 
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Figure  C-54,-  Annual  fuel  savings  of  the  29-MIUS  option  at  the  4- 
year  growth  point  as  compared  to  a conventional  system. 
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Figure  C"55.-  Community  29-MIUS  option  themal  efficiency  at  the 

4-year  growth  point. 
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Figure  C-56,-  Bar  chart  showing  annual  energy  utilization  for  the 
29-MIUS  option  at  the  4-year  growth  point. 
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Figure  C-57.-  The  29-MIUS  option  comnuinity  energy  utilization  at 

the  4-year  growth  point. 
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Figure  C-58."  Energy  utilization  for  the  CBD  at  the  10-year  growth 


55  928GJ 
C53  045x10^  Btu) 
Unused  recovered  heat 


100  328  GJ 
(27  869  MWh) 


140  186  GJ 
(11.08x10^  ton  W 


88.9x10^ 
(23.5x10^  gal) 


Thermal  efficiency  = 63.26  percent 
Heat  utilized  = 69.44  percent 


(c)  Summer^ 


2142  GJ  42  SB6  GJ 

(2032x10^  Btu)  (40  391x10^  Blu) 

Unused  recovered  heat 


95  969  GJ 
(26  658  MWh) 


81227  GJ 
(6.42x10^  tonh) 


88.9x103 
(23.5x10^'  gal) 


3062  GJ 
(2904x10^  Bhi) 


Thermal  efficiency  63.97  percent 
ileat  utilized  = 72 .65  percent 


id)  Fall. 

Figure  C-58.-  Continued. 
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Figure  C-58,-  Concluded 
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(b)  The  8-MIUS  option. 
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Figure  C-60,-  Annual  fuel  savings  of  the  8-MIUS  option  at  the 
10-year  growth  point  as  compared  to  a conventional  system. 
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Figure  C-61,-  Community  8-MIUS  option  thermal  efficiency  at  the 

10-year  growth  point. 
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Figure  C-62,-  Bar  chart  showing  annual  energy  utilization  for  the 
8-MIUS  option  at  the  10-year  growth  point. 
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Figure  C-63,-  The  8-MIUS  option  community  energy  utilization  at 

the  10-year  growth  point, 
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Figure  C-63,-  Continued 
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Figure  C-64.-  Annual  fuel  consumption  for  the  29-MIUS  option  at 

the  10-year  growth  point. 
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Figure  C-65.-  Annual  fuel  savings  of  the  29-MIUS  option  at  the 
10-year  growth  point  as  compared  to  a conventional  system. 
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Figure  C-66.-  Community  29-MIUS  option  thermal  efficiency  at  the 

10-year  growth  point. 
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Figure  C-157,-  Bar  chart  showing  annual  energy  utilization  for  the 
29-MIUS  option  at  the  10-year  growth  point. 
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Figure  C"68,-  The  29-MIUS  option  community  energy  utilization  at 

the  10-year  growth  point. 
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Figure  C-69.-  Summary  of  annual  energy  savings  and  fuel 
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APPENDIX  D 


ENVIRONMENTAL  IMPACT  SUPPORTIVE  DATA 
AIR  POLLUTION 


The  major  pollutants  to  be  considered  in  the  atmosphere  are 
carbon  monoxide  (CO),  nitrogen  oxides  (NOX's),  hydrocarbons  (EC's), 
ozone,  peroxyacetyl  nitrate  (PAN),  and  particulates.  The  change 
from  a rural  area  to  a residential  or  urban-commercial  area  will 
increase  all  of  these  air  pollutants.  Probable  pollutive  effects 
that  can  be  attributed  to  housing  will  be  estimated,  and  this  will 
provide  the  background  for  evaluating  the  changes  in  pollution 
levels  caused  by  the  modular  integrated  utility  systems  (MIUS) . 

Washington,  D.C.,  data  have  been  used  as  representative  of 
the  location  of  the  selected  community  model,  Columbia,  Maryland. 
The  contribution  to  pollution  in  the  Washington-Baltimore  area  by 
the  MIUS  study  community  can  be  estimated  as  proportional  to  the 
fraction  of  the  1980  population  of  the  community  to  the  total 
Washington-Baltimore  population.  The  total  population  in  the 
Washington-Baltimore  area  in  1980  is  estimated  at  6 100  000 
(ref.  D-1).  Thus,  the  study  community  population  of  110  000 
represents  about  2 percent  of  the  total  population,  and  about  10 
percent  of  the  total  increase  in  population  between  1970  and  1980. 

Several  types  of  estimates  can  be  made  on  the  expected  pol- 
lutant level-s  in  a community  supported  by  MIUS  and  in  a community 
supported  by  conventional  facilities.  In  such  a community,  three 
types  of  pollution  sources  exist:  the  automobile,  the  prime  mover 

supplying  electricity,  and  the  incinerator  and  heating  plant.  The 
pollutants  from  these  sources  are  (1)  particulates,  which  settle 
out  of  the  stack  gases  and  are  a localized  problem;  (2)  oxides  of 
sulfur,  which  react  strongly  with  material  in  the  environment; 

(3)  CO,  which  diffuses  and  mixes  in  the  atmosphere  but  does  not 
react  so  strongly  with  the  environment  as  to  be  rapidly  scrubbed 
from  the  atmosphere;  (4)  and  NOX’s  and  EC's,  which  on  release  to 
the  atmosphere  react  with  each  other  to  form  new  pollutants . 

Control  of  these  pollutants  will  be  considered  at  two  levels. 
First,  there  are  Federal,  State,  and  local  regulations  that  limit 
the  amount  of  pollutant  released  per  unit  of  fuel  burned.  These 
regulations  apply  to  particulates,  oxides  of  sulfur,  NOX's,  and 
EC's.  Second,  the  pollutants  from  the  MIUS  stack,  when  combined 
with  the  background,  should  not  exceed  the  Federal  Air  Quality 
Standards  (FAQS) , shown  in  table  D-1. 


D-1 


Total  Amounts  of  Pollutants 


The  emissions  from  a typical  MIUS  diesel  are  shown  in  table 
D-2.  Table  D-3  shows  these  emissions  as  noinnalized  emission  data 

(per  1 gigajoule  (per  1 x 10  Btu) ) compared  to  allowed  emission 
rates.  Conventional  powerplant  emission  rates  are  shown  in  tables 
D-4  and  D-5,  and  normalized  emission  data  compared  to  allowed 
emission  rates  for  a conventional  powerplant  are  shown  in  table 
D-6.  Table  D-7  compares  the  total  emissions  per  year  for  MIUS 
and  conventional  powerplants.  These  tables  indicate  that  MIUS 
produces  about  the  same  amount  of  particulates  as  a conventional 
oil-fired  povrerplant  at  the  same  fuel  rates.  However,  the  con- 
ventional powerplant  requires  35  percent  more  fuel  to  produce  the 
same  services  to  the  community. 

Sulfur  dioxide  (S02)  emissions  for  MIUS  are  based  upon  a 1 

percent  by  weight  of  sulfur  in  the  fuel.  This  is  probably  a pes- 
simistic estimate  because  it  is  an  upper  limit  for^.no,  2 diesel 
fuel,  but  it  allows  quick  estimates  to  be  made  of  other  levels  of 
sulfur  in  the  fuel.  The  increased  fuel  requirements  for  a con- 
ventional plant  indicate  that  MIUS,  using  1 percent  sulfur  fuel, 
would  release  about  the  same  amount  of  sulfur  oxides  per  unit  of 
electricity  as  the  average  oil-fired  conventional  powerplant. 

The  NOX’s  for  the  MIUS  are  a problem  area.  The  MIUS  produces 
approximately  10  times  more  NOX's  than  does  a conventional  plant, 
and  averages  about  15  times  the  allowed  limit. 


Method  of  Evaluating  Local  MIUS  Pollution  Effects 

The  maximum  concentration  and  the  distance  at  which  ground 
concentrations  occur  are  a function  of  stability  criteria  and 
stack  height  (ref.  D-4) . The  data  are  shown  in  figure  D-1  and 
can  be  generalized  as 


3 

X = concentration  of  pollutant,  g/m 
u = wind  velocity,  m/sec 
Q = emission  rate,  g/sec 
K = proportionality  constant  (m^ 


where 


X = the  distance  at  which  maximum  concentration  occurs 

as  a function  of  S,  the  Pasqual  stability  criteria, 
and  the  stack  height  h 


n = line  slope  from  figure  D-1 


The  maximum  pollutant  concentration  resulting  from  a source 
can  be  normalized  in  terms  of  the  concentrations  allowed  by  FAQS 
as  follows. 


C.(t) 

uA(t)Bj^ 

(D-2) 


where  = the  fraction  of  the  allowed  concentration  of  the 

ith  pollutant  produced  by  the  source  at  the  point 
of  maximum  concentration 

C^(t)  = allowed  concentration  of  the  ith  pollutant  in 
averaging  time  period  t 

A(t)  = a reducing  function  to  allow  for  wind  dispersion 
when  the  averaging  period  is  long 

= reduction  in  concentration  as  defined  in  later 
equation 


The  emission  rate  Q can  be  expressed  as 


Ql  = 


R.P. 
1 1 


(D-3) 


where  = rate  of  release  of  pollutant  by  the  equipment  per 

unit  power  level 

= power  level  in  appropriate  units 
and  substituting  in  equation  (D-2) 


N. 


1 


p Kx~^(S,h) 
C^(t)  i uA(t)B^ 


(D-4) 


D-3 


4. 


Equation  (D-4)  can  be  rewritten 


N 


i 


0.P.L. 

111 


(D-5) 


R. 

— ~74.v/  which  is  a measure  of  the  relative 
cleanliness  of  the  source 

power  output  averaged  over  a time  period  t 


L-  = /if / which  describes  the  stability  criteria, 

1 uA(t)B^  <3 

. i 

stack  height,  velocity,  and  hence  the  location 
parameters 

The  downwind  dispersion  of  pollutant  is  superimposed  upon  the 
existing  background  of  pollutant  in  the  area.  The  allowed  con- 
centration at  the  site  is 


where 


0 = 


P . 
1 


c.  = c.  - c., 

1 la  lb 


(D-6) 


where  C.  = allowed  concentration  from  the  emitting  source  of 
^ pollutant  i , 

= background  concentration  of  pollutant  i 


or 


(D-7) 


Subject  to  the  constraint  0 < P^  < 1,  let 


P 


r 


^i  = 1 ^ 


(D-8) 


D-4 


U' 


where  indicates  the  reduction  in  concentration  to  account  for 

background  pollutant.  Then 


rs 


0 .P. L. 
r 1 r 

B. 


(D-9) 


where  N.  is  the  normalized  maximum  concentration  of  pollutant 

2LS 

under  actual  conditions. 

Table  D-8  shows  values  of  0 and  6/(0  NOX)  for  an  MIUS 
prime  mover.  From  these  data,  it  is  obvious  that  the  HIUS  has 
only  two  pollutants  of  significance:  MOX's  and  sulfur.  If  the 

local  concentration  of  NOX*s  is  satisfactory,  then  all  other 
pollutants  will  be  at,  or  below,  maximum  FAQS  limits.  A possible 
exception  is  sulfur  oxides,  which  require  an  examination  of  the 
terms  A(t)  and  B^  in  the  previous  equations. 

The  function  A(t)  arises  from  two  sources.  First,  the  wind 
direction  is  usually  reported  in  16-point  increments,  but  it  may 
wander  considerably  within  any  one  of  these  sectors.  While  the 
wind  direction  is  considered  constant  under  this  condition. 

Turner's  calculations  are  considered  valid  for  a sampling  period 
of  10  minutes.  For  longer  periods,  the  concentration  drops  as 

t"1/^,  where  n is  some  value  between  5 and  6.  A 24-hour  sample 
is  estimated  to  be  approximately  0.36  of  the  peak  3-rainute  value, 
without  any  shift  in  wind  direction.  Second,  throughout  a 24-hour 
day,  the  wind  will  shift  direction,  thus  causing  a further  reduc- 
tion. Assuming  that  the  annual  "wind  rose"  directions  and  speeds 
are  all  the  same,  one  would  further  reduce  concentrations  from 
the  source  by  a factor  of  16.  Because  the  NOX  controlling  stan- 
dard is  an  average  concentration  for  1 year  and  because  wind 
velocity  will  show  some  variation  as  well,  A{t)  was  chosen  as  50 
(which  is  probably  a conservative  figure) . For  SO2/  which  is 

controlled  by  the  24-hour  standard,  a factor  of  5 was  used,  a 
figure  that  matches  approximately  the  peak  concentrations  observed 
by  Larsen  for  1-day  compared  to  3-minute  concentrations  in 
Washington. 

For  the  B factor,  one  must  know  something  about  the  rela- 
tive contribution  of  the  various  sources  to  a particular  pollutant. 
For  example,  powerplants  contribute  about  90  percent  of  the  NOx 
pollution.  If  it  is  assumed  that,  at  the  completion  of  MIUS,  all 
other  sources  (autos,  other  MIUS's,  drift  from  Washington)  cause 
a concentration  of  approximately  50  percent  of  the  allowed  limit, 
then  B will  be  0.5.  Nearly  all  SO^  in  the  atmosphere  can  be 


D-5 


accounted  for  from  the  burning  of  oil  and  coal,  and  can  be 
considered  a fairly  local  problem.  Therefore,  3 is  chosen  in 
this  case  instead  of  1 . 

An  evaluation  of  NOX  and  SO2  is  shown  in  table  D-9.  The 

average  power  levels  required  to  produce  FAQS  limits  are  estimated 
in  the  last  column.  The  36-  and  100-megawatt  values  are  consider- 
ably higher  than  the  average  power  output  from  any  single  MIUS 
plant. 

In  summary,  the  MIUS  plant  presents  no  local  air  pollution 
problem.  The  FAQS  limits  will  easily  be  met.  However,  some 
difficulty  can  be  expected  in  meeting  emission  rates  per  Btu  fuel 
input  set  forth  by  Federal  and  State  regulations . 


Local  Pollution  of  CO  from  MIUS  Stacks 

Two  MIUS  configurations  for  the  community  are  considered  in 
this  study.  In  the  first  configuration,  an  MIUS  is  placed  in 
each  neighborhood  village  center  and  in  the  town  center,  for  a 
total  of  29  MIUS's  (option  I).  The  alternate  configuration  has 
MIUS's  located  in  each  village  center  and  in  the  town  center,  for 
a total  of  8 MIUS's  (option  II). 

The  expected  variation  in  CO  concentrations  in  the  completed 
community  as  a result  of  automobile  emissions  in  shown  in  figure 
D-2.  In  this  figure,  the  8-hour,  0. 1 -percentile  maximum  concen- 
tration is  estimated  as  3.3  ppm.  The  assumption  is  made  that  this 
concentration  is  a background  into  which  MIUS  discharges.  It  is 
assumed  that  the  FAQS  for  1975  and  beyond  will  be  allowed  within 
the  community.  The  total  concentration  of  CO  is  found  by  super- 
position: X( total)  - X (background)  + X(MIUS) . The  allowed  con- 

centration limit  as  a result  of  MIUS  is  X( total)  - X (background) . 
Since  X (total)  is  9 ppm,  the  allowed  concentration  from  MIUS  is 
5 . 7 ppm . 

For  a neighborhood  MIUS,  the  8-hour  average  power  levels  for 
the  summer  2-sigma  load  case  are  shown  in  table  D-10.  The  peak 
emission  rate  occurs  in  the  8-hour  period  commencing  at  1500, 
which  should  correspond  closely  to  the  period  of  maximum  concen- 
tration as  a result  of  automobile  traffic.  The  emission  rate 
Q of  the  neighborhood  is  calculated  as 
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and 
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For  this  first  case,  neutral  class  D stability  category  will  be 

assumed  with  a wind  velocity  u of  5 m/sec.  Then,  after  Turner, 
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This  would  indicate,  referring  to  figure  D-1,  that  a stack  height 
of  less  than  5 meters  would  produce  concentrations  below  permis- 
sible levels,  and  that  these  levels  would  occur  at  approximately 
0.08  kilometer  from  the  MIUS.  If  one  takes  advantage  of  the  fact 

that  the  averaging  period  is  8 hours,  then  X may  be  doubled. 

n f iti 

The  ratio  Xu/Q  would  then  be  too  large  to  fall  on  the  graph, 
thus  indicating  a negligible  concentration. 

For  fumigation  conditions,  which  might  exist  early  in  the 
morning,  the  CO  background  will  be  low;  1 ppm  is  a conservative 
estimate.  Then  the  allowed  concentration  from  MIUS  is  8 ppm  or 

3 

9 mg/m  . It  will  further  be  assumed  that  fumigation  causes  an 
accumulation  of  approximately  1.3  ppm  in  the  emission  products. 

The  average  power  level  from  table  D-10  is  a stability  of  4.53 
kilowatts.  Criteria  F is  assumed  to  apply  with  a wind  velocity 
of  2 m/sec.  Therefore 


. = 4.53  X 10' 
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0.746 


=*  ■'•5  ■'•3  X 3^  = (D-13) 
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Referring  again  to  figure  D-1,  one  can  see  that  Xu/[QA(t)]  is 
too  large  to  fall  on  the  chart;  hence,  negligible  ground  concen- 
trations are  produced. 
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A village  center  MIUS  (option  II)  uses  a 7.6-meter  (25-foot) 

stack.  For  option  I,  the  MIUS  has  a minimum  spacing  of  1219  meters 

(4000  feet)  . Referring  to  figure  Vi-3,  one  can  see  that,  for  this 

stability  condition,  (X  „ has  fallen  by  approximately 

\ n,m  n,m/  n,m  j cc  j 

two  decades  from  that  found  at  the  peak  value  at  x . Hence, 

max 

the  pollution  from  one  MIUS  has  essentially  reached  background 
level  by  the  time  it  is  superimposed  on  that  from  any  other  MIUS. 

For  the  fumigation  condition  (fig,  D-4) , the  pollution  concentra- 
tion has  dropped  approximately  one  decade,  which  is  negligible  if 
one  considers  the  overall  accuracy  of  these  calculations. 

P 

The  horizontal  and  vertical  dispersion  coefficients  used  to  » 

calculate  ground  concentrations  are  predicted  within  a factor  of 
three;  however,  the  "relative  confidence"  in  the  values  of  the 
horizontal  and  vertical  coefficients  decreases  for  values  above 
approximately  1 kilometer  (ref.  D-4) . Furthermore,  these  disper- 
sion coefficients  are  representative  over  open  areas  or  rural  ^ 

areas.  The  larger  surface  roughness  and  heat  island  effects  of 
cities  change  the  stability  regime  over  urban  areas.  In  general, 
more  rapid  dispersion  may  be  expected  for  urban  areas , although 
there  may  be  some  small-scale  pockets  where  high  concentrations 
occur.  A satisfactory  practical  method  that  accounts  for  pro- 
gressive adjustment  of  dispersive  properties  to  changing  surface 
conditions  has  yet  to  be  developed  (ref.  D-6) . The  vertical  dis- 
persion suffers  from  similar  shortcomings. 

The  emission  of  CO  in  the  community  is  due  primarily  to 
automobiles.  Over  the  year,  it  is  estimated  that  the  maximum 
8-hour  exposure  from  this  source  will  not  exceed  4.5  ppm  and  that 
the  upper  0.1-percentile  8-hour  exposure  will  be  approximately 
3.3  ppm.  The  total  emissions  per  year  from  MIUS's  are  approxi- 
mately 28  percent  of  those  from  automobiles.  With  only  a 5-meter 
stack,  these  emissions  will  not  produce  the  FAQS-allowed  level  of 
concentration  (9  ppm)  , and  downstream  plumes  will  be  so  diluted 
as  to  be  not  markedly  different  from  the  ambient  concentration  of 
CO.  If  one  considers  the  community  CO  concentration  to  be  the 
sum  of  automobile  and  MIUS  concentrations,  then  the  maximiom  * 

8-hour  levels  should  be  less  than  5.8  ppm,  and  the  upper  0.1  per- 
centile of  8-hour  exposure  concentrations  should  be  approximately 
4.2  ppm.  (\ 


Overall  Evaluation  of  Nitrogen  Oxides,  Hydrocarbons, 
and  Photochemical  Oxidants 

Estimates  of  NOX's  and  EC’s  in  a community  without  MIUS.- 
The  total  amounts  of  NOX’s  and  HC’s  released  to  the  atmosphere  by 
automobiles  in  the  community  can  be  estimated  in  a manner  similar 
to  that  used  for  CO.  The  emission  rates  per  vehicle  mile  for  1971 
cars  (ref.  D-7)  are  1.49  g/msec/km  (2.40  g/msec/mile)  for  HC's 
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and  4.10  g/msec/km  (6.60  g/msec/niile)  for  NOX's  (such  as  nitrogen 
dioxide) . The  emission  rate  reduction  factors  for  these  two  pol- 
lutants from  urban  vehicles  for  the  period  1971  to  1985  are  0.14 
for  EC's  and  0.21  for  NOX's  (ref.  D-8) . The  resulting  release  per 
year  for  these  two  pollutants  from  automobiles  at  the  completion 
of  MIUS  is  estimated  as  200  Mg/yr  for  EC's  and  850  Mg/yr  for  NOX's. 

Total  releases  for  MIUS  and  conventional  plants.-  The  total 
HC  and  NOX  emissions  per  year  from  MIUS's  are  490  Mg/yr  or  an 
average  of  0.13  g/MJ  (0.35  g/ (bhp  hr))  for  EC's  and  19  000  Mg/yr 
or  an  average  of  5.1  g/MJ  (13.6  g/(bhp  hr))  for  NOX's  (ref.  D-9) . 
For  the  conventional  powerplant,  the  total  emissions  are  as 
follows  (ref,  D-3) : coal-fired,  54  Mg/yr  for  EC's  and  5400  Mg/yr 

for  NOX's;  oil-fired,  140  Mg/yr  for  EC's  and  4700  Mg/yr  for  NOX's; 
and  gas-fired,  17  000  Mg/yr  for  NOX's. 

At  first,  these  power-generating  projected  levels  appear 
startling  in  that  MIUS  or  a conventional  system  would  contribute 
more  than  80  percent  of  the  HC  and  NOX  pollution  in  the  community; 
however,  it  should  be  recognized  that,  at  present,  transportation 
uses  account  for  40  percent  of  these  pollutants  and  that  projected 
reduction  (ref,  D-9)  by  factors  of  5 (NOX's)  to  7 (EC's)  will 
cause  the  stationary  emitters  (if  their  emissions  are  not  reduced) 
to  become  the  dominant  sources  of  EC's  and  NOX's.  The  projected 
reductions  in  HC  and  NOX  emissions  from  urban  vehicles  may  have 
to  be  accomplished  by  changes  in  lifestyle.  From  1963  to  1971, 

HC  emissions  were  reduced  by  83  percent  in  automobiles  (ref.  D-6) . 
This  was  accomplished  by  elimination  of  the  crankcase  blowby,  by 
completely  reducing  evaporation  from  fuel  tanks  by  a factor  of 
5.6,  and  by  reducing  EC's  in  the  exhaust  by  a factor  of  3,7.  The 
projected  reductions  by  an  additional  factor  of  7 would  appear  to 
be  possible  only  by  removing  some  gasoline  engines  from  the  market. 
The  NOX  emissions  per  mile  from  automobile  engines  have  actually 
risen  by  26  percent  from  1963  to  1971,  while  target  goals  for  1985 
require  their  reduction  by  a factor  of  5.  Again,  this  appears  to 
be  feasible  only  if  the  number  of  engines  are  reduced. 

The  kinds  of  reductions  in  EC's  accomplished  in  the  past  for 
gasoline  engines  are  not  possible  for  diesel  engines.  The  diesel 
is  an  inherently  cleaner  engine;  there  is  essentially  no  crankcase 
blowby  or  evaporation  of  fuel  from  the  tanks.  All  HC  emissions 
from  diesel  engines  are  in  the  exhaust,  and  these  emissions  are 
substantially  lower  than  for  a gasoline  engine.  The  diesel  engine 
runs  on  a leaner  mixture  of  air  to  fuel,  and  it  has  higher  com- 
bustion temperatures.  Therefore,  these  engines  inherently  emit 
more  NOX's  than  the  gasoline  engines,  and  there  is  no  known 
developed  system  for  reducing  these  emissions  from  diesel  engines. 
However,  forthcoming  developments  for  truck  engines  may  assist  in 
alleviating  this  problem. 
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Local  pollution  from  MIUS  stacks.-  Calculations  of  local 
pollutant  concentrations  from  MIUS  stacks  have  not  been  completely 
carried  out,  because  of  the  high  degree  of  uncertainty  in  the 
background  levels  of  NOX's  and  HC's,  Preliminary  calculations 
without  the  B factor  indicate  that  the  maximum  concentrations 
of  NOX's  and  HC's  downwind  from  an  MIUS  stack  are  below  FAQS 
limits. 

Oxidants  and  PAN . - The  maximum  concentration  levels  of  oxidant 
in  the  atmosphere  depend  upon  three  variables:  uhe  concentration 

of  NOX’s  in  the  atmosphere,  ultraviolet  intensity  from  the  Sun, 
and  the  release  of  HC's  to  the  atmosphere  from  various  sources. 

A complex  set  of  chemical  reactions  must  take  place  in  the  atmos- 
phere, and  there  is  a time  delay  of  3 to  4 hours  in  the  formation 
of  oxidants  after  the  release  of  NOX's  and  HC's.  Therefore,  local 
oxidant  levels  in  the  atmosphere  will  be  due  to  the  release  of 
precursors  at  distances  of  15  to  20  kilometers  upwind,  rather  than 
any  emission  from  stacks  in  the  vicinity  of  MIUS . 


Overall  Evaluation  of  Particulates 

Regional  estimates . - Table  D-11  shows  that  the  annual  average 
total  of  suspended  particles  in  the  atmosphere  over  Washington, 
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D.C.,  for  the  years  1961  to  1965  was  104  yg/m  . Washington  ranked 
38.5  in  60  cities  for  which  surveys  were  conducted.  The  concen- 
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tration  of  benzene- soluble  particles  was  9,4  yg/m  and  the  ranking 
was  21  in  60.  Table  D-12  shows  the  sources  of  these  particulate 
contaminants.  Table  D-13  shows  that,  in  the  proposed  community, 

3 

the  mean  concentration  should  be  approximately  100  yg/m  . Meeting 

3 

the  secondary  air  quality  standards  of  60  yg/m  annual  average 
concentration  requires  a reduction  of  particulate  emissions  in 
Washington  from  40  to  45  percent  by  1977.  The  average  seasonal 
variation  in  concentration  will  be  from  15  to  20  percent  of  the 
annual  average.  The  individual  24-hour  maximum  should  not  exceed 
three  times  the  annual  average.  Suburban  residential  areas 
usually  have  concentrations  that,  are  approximately  50  percent  of 
those  in  the  center  city  (ref.  D-10) . 

If  one  assumes  that  the  secondary  standards  are  met  in  the 
Washington,  D.C.,  area  at  the  time  the  MIUS  community  is  completed, 
then  the  total  emission  of  17  490  Mg  (19  280  tons)  in  table  D-12 
would  be  reduced  by  50  percent  to  8800  Mg  (9700  tons) . The  com- 

1 2 

pleted  MIUS  community  requires  9594.6  TJ/yr  (9.1  x 10  Btu/yr) 
of  energy,  which  would  release  200  Mg  (220  tons)  of  particulates 
to  the  atmosphere  per  year,  or  approximately  2 percent  of  the 
total  from  the  Washington  area.  The  incineration  process  is 
estimated  to  release  27  Mg/yr  (30  tons/yr)  of  particulates.  Auto- 
mobiles in  the  community  will  also  release  smaller  amounts  of 
particulates.  As  was  noted  in  the  regional  description  of  the 
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community  r the  population  in  the  community  is  2 percent  of  the 
population  of  Washington.  Therefore,  on  a regional  basis,  the 
community  will  release  approximately  the  same  amount  of  particu- 
lates per  person  as  the  rest  of  the  Washington  complex. 

Table  D-12  shows  that  conventional  power  facilities  contrib- 
ute 8972  Mg  (9890  tons)  of  particulate  in  the  Washington  area. 
Estimating  that  the  population  in  Washington  at  the  time  of  the 
survey  was  2 400  000  people  (ref,  D-1)  and  that  the  community  has 
4.6  percent  of  this  population,  one  can  then  estimate  that  the 
conventional  powerplant  supplying  this  community  would  release 
408  Mg/yr  (450  tons/yr)  of  particulate.  If  one  assumes  that  the 
particulate  emissions  from  automobiles  remain  approximately  the 
same  as  those  given  in  table  D-1 3,  then  the  automobiles  in  the 
community  should  release  approximately  272  Mg/yr  (300  tons/yr)  of 
particulates.  Total  emissions  from  the  new  community  would  be 
499  Mg/yr  (550  tons/yr)  from  an  MIUS  installation  and  automobiles. 
With  conventional  facilities,  the  equivalent  release  to  the 
atmosphere  of  the  region  is  680  Mg/yr  (750  tons/yr) . 

Local  effects.-  In  assessing  the  concentration  of  particu- 
lates downwind  from  an  MIUS  stack,  the  greatest  uncertainty  is 
the  background  level  of  particulates.  One  estimate  is  that  the 
downtown  area  of  Washington  will  achieve  the  secondary  standard 
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of  60  jig/m  average  annual  concentration.  The  new  community  may 
be  considered  to  be  suburban;  therefore  it  has  an  annual  average 
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concentration  of  approximately  30  yg/ra  , as  discussed  in  the 
section  entitled  "Regional  Estimates,"  Under  these  conditions, 
the  average  emission  rate  Q is  200  Mg/yr  (220  tons/yr)  or 
6 g/sec  for  all  MIUS's,  and  the  emission  rate  for  option  I is 
0.2  g/sec.  Then,  for  average  conditions,  stability  class  D,  a 
wind  velocity  u of  5 m/sec,  and  a 1.5-meter  (5  foot)  stack,  the 
ratio  Xu/Q  is  0.0055.  The  maximum  concentration  downwind  at 
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average  power  consumption  from  the  stack  is  6.6  yg/m  or  approxi- 
mately 10  percent  of  the  allowed  PAQS.  The  distance  between 
MIUS's  attenuate  concentration  so  there  is  seemingly  no  effect 
between  MIUS's. 

If  one  considers  average  concentrations  over  a year,  the 
downstream  concentration  should  be  reduced  by  a factor  of  at  least 
15  to  20  to  allow  for  time  averaging  and  variations  in  wind  direc- 
tion. If  this  is  done,  the  concentration  from  the  stack  is 
negligible  compared  to  the  concentration  from  the  background. 

At  average  power  levels,  the  maximum  particulate  output  from 
the  option  II  configuration  is  not  more  than  four  times  the 
option  I configuration.  The  maximum  concentration  downwind  from 
option  II  would  not  be  higher  than  about  four  times  the  concen- 
tration above,  and  the  ambient  background  might  increase  by  four, 
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which  would  yield  a t:>tai  concentration  of  56  yg/m  . 


Cooling  Water  Spray 


The  cooling  pond  operation  typically  has  a drift  loss 
(evaporated  water)  of  approximately  1 percent  of  the  water  being 
sprayed.  This  material  contains  dissolved  solids  that  can  form  a 
corrosive  layer  on  the  material  on  which  it  falls . In  the  layout 
of  MIUS,  it  is  planned  to  keep  the  spray  pond  approximately  213 
meters  (700  feet)  from  the  nearest  occupied  area.  It  is  therefore 
estimated  that  essentially  no  drift  will  reach  the  occupied  areas 
adjacent  to  MIUS. 


THERMAL  POLLUTION 


Air  Thermal  Effects 

There  is  a well-known  heat-island  effect  around  built-up 
areas.  Cider  surveys  have  shown  that  the  annual  average  temper- 
ature difference  between  cities  and  adjacent  rural  areas  for  the 
period  1940  to  1968  averages  approximately  29  percent  over  the 
entire  year.  Peterson's  data  (ref.  D-11)  show  the  diurnal  varia- 
tion of  temperature  for  February  and  July  in  Vienna  and  one  of 
its  suburbs  (fig.  D-5) . More  recent  surveys  in  U.S.  cities 
indicate  an  inversion  approximately  61  meters  (200  feet)  over  a 
city.  This  inversion  depends  upon  windspeed,  and,  for  the 
completed  MIUS  community,  this  windspeed  is  between  4 and  7 m/sec. 

The  causes  of  the  heat-island  effect  are 

1 . The  pavement  and  buildings  in  a community  absorb  and 
store  more  solar  radiation  than  does  vegetation  in  rural  areas. 

2.  The  energy  released  in  the  community  has  been  estimated 
for  1956  in  Vienna  to  be  around  one-sixth  to  one-fourth  of  the 
solar  input;  and  in  Sheffield,  England,  for  1965,  to  be  one-third 
of  the  solar  input.  For  1968,  in  New  York  City  (during  the 
winter) , combustion  contributed  2-1/2  times  the  solar  input.  The 
growth  trend  from  1940  to  1985  in  the  residential  consumption  of 
electricity  is  estimated  to  increase  ninefold,  and  to  double  from 
1968  to  1985  (ref.  D-12).  Thus,  it  is  estimated  that  for  the 
proposed  community,  energy  consumed  should  be  approximately  the 
same  amount  as  the  solar  input;  and,  if  MIUS  is  used,  the  energy 
released  on  site  will  be  approximately  twice  the  solar  input. 

3.  The  third  factor  influencing  temperature  is  the  blanket 
of  pollutants  over  the  city  (including  particulates,  water  vapor, 
and  carbon  dioxide)  that  produce  a greenhouse  effect  over  the 
city.  This  blanket  prevents  radiation  losses,  and  slows  heat 
dispersion. 


Compared  to  a comniunity  supplied  by  conventional  facilities, 
the  MIUS  in  the  community  will  increase  the  amount  of  released 
heat  by  approximately  a factor  of  two;  and,  because  the  MIUS 
releases  more  carbon  dioxide  and  water  vapor,  a community  so 
equipped  should  have  a stronger  blanket  or  inversion  layer  over 
it. 

The  overall  effect  of  a thermal  island  may  be  somewhat 
beneficial.  During  peak  solar  input,  the  temperature  in  the 
community  will  only  slightly  differ  from  the  surrounding  country- 
side; therefore,  the  peak  air-conditioning  loads  should  not  be 
different  for  a community  with  MIUS  and  one  without  MIUS,  The 
nighttime  air-conditioning  load  will  increase  during  the  summer; 
however,  during  the  winter,  raising  the  outside  temperature  around 
buildings  will  substantially  reduce  the  building  heating  require- 
ments. In  the  case  of  a conventional  powerplant,  this  same  heat 
must  be  released  to  a stream  where  no  benefit  is  likely  to  be 
derived. 


Water  Thermal  Effects 

In  MIUS,  process  water  obtained  from  treated  sewage  flows 
through  a series  of  cooling  ponds  at  each  MIUS . These  ponds  have 
volumes  as  follows: 

Option  I:  For  21  MIUS's,  the  volume  is  1699  cubic  meters 

(448  800  gallons);  for  seven  village  centers,  4247  cubic  meters 
(1  122  000  gallons);  and  for  one  central  business  district, 

11  948  cubic  meters  (3  156  560  gallons). 

Option  II:  For  one  central  business  district,  the  volume  is 

11  948  cubic  meters  (3  156  560  gallons);  and  for  seven  village 
complexes,  6605  cubic  meters  (1  744  934  gallons) . 

Process  water  will  flow  continuously  through  these  ponds,  for 
which  approximately  one-eighth  of  the  inlet  water  will  be  evapo- 
rated; the  balance  will  flow  to  a large  lake  covering  116  hectares 
(286  acres)  where  it  will  be  retained  for  an  average  period  of 
approximately  150  days.  The  outflow  from  the  cooling  ponds  cannot 
exceed  305  K (90®  F)  without  derating  the  engines.  The  delay  in 
the  community  lake  is  expected  to  decrease  the  temperature  to 
some  value  below  305  K (90°  P) , which  depends  upon  the  average  air 
temperature.  The  Bureau  of  National  Affairs,  Inc.  (BNA)  has 
summarized  the  temperature  criteria  proposed  for  interstate  and 
coastal  waters  (ref.  D-13).  The  proposed  and  approved  temperature 
criteria  are  not  necessarily  established  permanently.  On  the 
basis  of  experience,  changes  may  be  proposed  by  the  states  and 
approved  by  the  Department  of  the  Interior.  Suggestions  have  been 
made  that  the  standards  should  permit  the  zoning  of  certain  waters 
for  industrial  uses.  The  proposed  lake  delay  time  should  be 
adequate  to  meet  or  exceed  the  standards  recommended  by  the  BNA 
(ref .D-13). 


NOISE  POLLUTION 


The  external  noise  standards  required  by  HUD  for  new  con- 
j struction  are  shown  in  table  D-14.  In  meeting  these  standards, 

j the  noise  from  sources  beyond  the  control  of  the  builder  must  be 

considered.  These  sources  include  aircraft,  roadways,  and 
railways. 

Guidelines  for  evaluating  these  sources  are  documented  by 
:/;!  HUD  (ref.  D-14),  As  the  community  develops,  it  is  expected  that 

[■y  air-conditioning  equipment  outside  of  single  family  residences  t’’ 

I ;1  and  apartments  will  produce  noise  at  the  adjacent  house  and/or 

1 3 apartment  windows.  Performance  requirements  will  be  met  by  (1) 

; ' deed  restrictions,  (2)  specification  of  outside  equipment  meeting 

\ the  technical  requirements  of  the  Air-Conditioning  and  Refriger- 

ation Institute  or  the  Association  of  Home  Appliance  Manufacturers, 
and  (3)  any  enforceable  local  ordinance.  The  methods  outlined  by  * 

, ;i  the  American  Society  of  Heating,  Refrigerating,  and  Air-Conditioning 
f-i  Engineers  (ASHRAE)  (ref-  D-15)  assume  that,  where  internal  noise 

■ s levels  are  required  to  specify  allowed  external  noise  levels, 

then  the  HUD,  ASHRAE,  or  other  applicable  design  criteria  would 
apply.  The  MIUS  plant  buildings  will  be  constructed  to  attenuate 
I j the  noise  from  the  equipment  that  they  house,  so  that  they  meet 

I;:  or  exceed  the  acceptable  criteria  of  table  D-14.  In  the  case  of 

, MIUS  equipment  that  is  outdoors,  either  sufficient  distance  to 
the  property  line  will  be  allowed  or  sound  barriers  will  be 
erected  to  ensure  meeting  HUD ' s acceptable  category . 


Expected  Site  Noise  Levels 

Aircraft  noise.-  Using  the  HUD  methods  (ref.  D-14) , it  can  be 
established  that  the  proposed  community  lies  completely  outside 
the  noise  exposure  forecast  (NEF)  30  contour  of  the  local  air- 
ports; therefore,  it  will  fall  within  the  clearly  acceptable 
category  from  this  noise  source. 

Traffic  noise.-  The  community  diagram  has  been  idealized  to 
permit  the  study  of  MIUS.  Some  rearrangement  of  site  layout  would 
be  required  in  an  actual  case  to  account  for  topography.  At  that 
time,  provision  would  have  to  be  made  to  eliminate  dwelling  units 
adjacent  to  main  highways.  Where  such  an  arrangement  is  not 
feasible,  provisions  will  have  to  be  made  for  the  erection  of 
barriers  to  sonically  isolate  residential  and  highway  traffic. 

Railway  noise.-  It  is  hypothesized  that  a railroad  spur  goes 
to  the  northeast  section  of  the  community  primarily  to  supp  y oil 
to  MIUS  and  to  provide  raw  materials  to  the  industrial  park.  This 
rail  spur  is  as  close  to  the  boundary  as  can  be  accommodated,  A 
greenbelt  may  also  be  part  of  this  scheme.  The  distance  between 
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the  tracks  and  adjacent  residential  area  is  more  than  183  meters 
(601  feet) , with  only  one  nighttime  operation  for  an  adjustment 
factor  of  3.3.  This  is  normally  acceptable  for  noise  (ref.  D-14) . 

Noise  from  MIUS.-  No  known  sources  of  noise  from  MIUS's  will 
fall  in  the  unacceptable  category. 


MANAGEMENT  OP  MIUS  ENVIRONMENTAL  IMPACTS 


Potable-Sewage-Process  Water  Systems 

The  community,  on  its  completion  / will  require  approximately 

41  640  m^ /day  (11  000  000  gal/day)  of  water  for  potable  use.  This 
water  is  supplied  from  an  offsite  lake.  A sewage  plant  capable  of 
processing  this  amount  of  water  will  be  an  integral  part  of  the 
MIUS's.  The  water  from  the  sewage  will  be  used  for  lawn  watering 
and  MIUS  process  water.  The  lawn  watering  is  estimated  to  use  an 

3 

average  of  approximately  9464  m /day  (2  500  000  gal/day)  through- 
out the  year.  The  MIUS  plant  will  reject  approximately  3165  TJ/yr 
1 2 

(3.0  X 10  Btu/yr)  of  heat,  which  will  require  the  evaporation  of 

3 

approximately  3785  m /day  (1  000  000  gal/day)  of  water.  The 
treated  sewage  water  flowing  through  a series  of  ponds  provides 
this  cooling  water.  The  total  flow  into  the  ponds  is  approxi- 
mately 37  854  m^/day  (10  000  000  gal/day) . After  evaporation 

3 

losses,  approximately  34  069  ra  /day  (9  000  000  gal/day)  will  flow 
out  to  streams  bordering  the  community.  The  process  water  from 
the  MIUS  will  be  cooled  prior  to  entering  the  pond?  and,  therefore, 
little  or  no  thermal  pollution  of  adjacent  streams  by  the  outflow 
from  the  ponds  will  occur.  The  loss  by  evaporation  will  increase 
the  concentration  of  dissolved  solids  by  approximately  10  percent 
above  the  raw  water  supply  level.  No  significant  impact  on  the 
environment  should  be  associated  with  this  increase.  This  cascade 

3 

effect  in  the  use  of  water  saves  an  annual  average  of  13  249  m /day 
(3  500  000  gal/day)  over  a conventional  system  providing  the  same 
services.  In  areas  of  acute  water  shortage,  consideration  can  be 
given  to  using  the  large  system  as  a raw  water  supply . In  this 

MIUS  design,  lakes  containing  5 299  576  m^  (1  400  000  000  gallons) 
are  used  for  storing  process  water.  The  average  retention  time 
is  therefore  approximately  150  days,  which  should  be  more  than 
adequate  time  to  make  the  water  suitable  for  use  as  raw  water.  If 
the  dissolved  solid  concentrations  are  allowed  to  rise  in  both  the 
potable  water  and  the  outflow,  then  the  MIUS  demand  on  local  water 
supplies  could  be  reduced  by  a considerable  amount.  These  assess- 
ments have  been  made  without  taking  into  account  the  replenishment 
of  the  lakes  from  rain,  and  therefore  represent  a lower  limit  on 
further  water  savings. 
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Solid  Wastes 

The  early  MIUS  installations  in  the  community  will  dispose 
of  solid  waste  by  incineration  using  starved  air  chambers,  and 
they  will  recover  the  heat  of  combustion  in  a low-pressure  boiler 
for  various  heating  and  air-conditioning  applications.  The  devel- 
opment of  pyrolysis  methods  for  solid-waste  disposal  is  being 
followed  closely,  with  the  view  that  an  alternate  disposal  method 
would  be  availabl  if  incineration  within  the  community  were 
banned,  as  has  been  done  in  many  metropolitan  areas.  The  pyroly- 
sis products  can  be  burned  directly  in  the  prime  mover,  which 
makes  pyrolysis  much  more  flexible  than  incineration.  As  the 
project  matures,  a plan  to  meet  the  increasing  demand  for  trash 
removal  will  be  developed  and  maintained.  It  is  intended  to  be  a 
flexible  program  that  will  optimize  collection  and  disposal  sys- 
tems economically  and,  at  the  same  time,  will  assure  the  protec- 
tion of  aesthetic  and  environmental  values  and  make  practical  use 
of  advanced  technology.  The  development  of  such  a management 
program  will  include  (1)  analysis  of  current  and  emerging  solid- 
waste  collection  and  disposal  technology,  (2)  assessment  of  the 
growth  and  solid-waste  characteristics,  (3)  the  integration  of 
associable  planning  data  such  as  road  network,  traffic,  land  use, 
soils,  geology,  and  hydrology,  (4)  the  delineation  of  collection 
and  disposal  processes  applicable  to  the  particular  situation, 

(5)  economic  comparisons  of  the  processes,  (6)  conclusions  per- 
taining to  short-  and  long-term  collection  and  disposal  programs, 
and  (7)  management  system,  funding,  and  operation.  Proper  regu- 
lations will  be  adhered  to  in  implementing  this  program  whenever 
it  is  found  to  be  most  environmentally  sound  and  feasible,  and 
the  necessary  permits  will  be  obtained. 


MIUS  INTERNAL  WORKING  CONDITIONS 


The  MIUS  and  supporting  equipment  for  the  MIUS  will  be 
isolated  from  the  general  public  by  fences,  locked  gates,  and 
doors.  Warning  signs  will  be  placed  on  these  MIUS  boundaries  to 
ensure  that  the  general  public  is  informed  of  the  hazards  of 
entering  these  areas.  Security  will  also  be  effected  by  routine 
surveillance  by  the  community  police. 

The  area  within  the  MIUS  will  be  restricted  to  employees  or 
authorized  visitors.  This  area  will,  in  all  respects,  comply  with 
the  standards  required  by  the  Williams-Steiger  Occupational  Safety 
and  Health  Act  (ref.  D-16).  The  general  public  is  not  exposed  to 
the  hazards  that  potentially  exist  in  close  proximity  to  MIUS 
equipment  within  the  MIUS  perimeter. 

The  administration  and  enforcement  of  the  Occupational  Safety 
and  Health  Act  are  vested  primarily  in  the  Secretary  of  Labor  and 
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in  a new  agency,  the  Occupational  Safety  and  Health  Review 
Commission.  This  environmental  impact  statement,  therefore, 
treats  only  those  effects  to  which  the  general  public  is  exposed 
and  that  are  external  to  the  MIUS  area  under  the  cognizance  of 
the  Environmental  Protection  Agency. 


ALTERNATE  UTILITIES 


Water  Management  Systems 

o Water  systems  consist  of  three  parts:  potable  water  treat- 

ment, sewage  treatment,  and  process  water.  These  three  systems 
are  interdependent  so  that,  with  respect  to  environmental  impact, 
they  must  be  considered  as  a single  system. 

^ The  alternative  to  the  MIUS  system  would  be  conventional  off- 

site water  supply  and  sewage  treatment  plants.  In  this  case,  the 

3 

water  supply  plant  would  have  to  supply  a minimum  of  3785  m /day 
(1  000  000  gal/day)  more  than  the  MIUS  system  to  make  up  the 
water  evaporated  by  the  MIUS  heat  rejection  system.  To  prevent 
excessive  concentration  of  dissolved  solids  by  the  heat  rejection 

3 

system,  approximately  3785  m /day  (1  000  000  gal/day)  will  be 
required  for  blowdown.  Using  MIUS  prime  movers,  these  two  quan- 
tities would  increase  the  potable  water  requirements  of  the 
community  by  1 8 percent.  Lawn  watering  is  accomplished  by  using 

3 

treated  sewage  water  and  requires  an  average  of  9464  m /day 
(2  500  000  gal/day).  Thus,  to  meet  average  demands,  a conventional 
plant  would  require  40  percent  more  capacity  than  an  MIUS,  if  an 
MIUS  powerplant  is  used,  or  more  than  22  percent  more  capacity  if 
conventional  power  and  air-cooled  condensers  in  heating,  ventila- 
tion, and  air-conditioning  (HVAC)  are  used  in  the  community.  This 
latter  requirement  would  raise  the  power  consumption  of  the  com- 
munity  by  10  to  20  percent.  The  water  management  system  for  MIUS 
o has  the  potential  for  further  water  conservation.  The  coolant 

system  retains  the  process  water  for  approximately  150  days,  a 
time  period  which  should  satisfy  most  requirements  for  steam  treat- 
ment of  sewage  plant  effluent.  Careful  control  of  runoff  could 
* potentially  make  the  community  independent  of  external  water  supply 

with  no  change  in  the  potable  water  quality. 


Solid-Waste  Disposal 

The  MIUS  system  incinerates  solid  waste  and  recovers  approxi- 
mately 30  percent  of  the  heating  value  of  this  waste.  This  heat 
recovery  is  approximately  5 percent  of  the  total  fuel  requirement 
of  the  MIUS  serving  the  community.  Two  alternatives  are  possible 
for  the  disposal  of  solid  waste:  (1)  sanitary  landfill  and 
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(2)  incineration  onsite  without  heat  recovery.  At  completion  of 
the  community,  the  sanitary  landfill  operation  will  require  ap- 

proximately  450  221  m /yr  (365  acre-feet/yr)  of  landfill  for  waste 
disposal.  If  landfill  consists  of  between  5 and  10  layers,  each 
0.6  meter  (2  feet)  thick,  then  approximately  8 to  16  hectares 
(20  to  40  acres)  of  land  will  be  lost  for  any  use  for  some  period 
of  time  each  year.  This  landfill  operation  will  have  problems 
with  the  prevention  of  leachate  contamination  of  ground  water  or 
aquifer,  and  possibly  air  pollution  problems  that  are  due  to  decay 
gases  escaping  the  landfill  area. 

The  use  of  incinerators  provides  an  inert  landfill  material, 
which  is  between  one-fifth  and  one-fourth  the  volume  of  solid 
waste,  and  which  would  require  1.6  to  4 hectares  (4  to  10  acres) 
of  landfill  per  year.  This  land  could  be  available  for  building 
or  agriculture  almost  immediately.  Some  market  has  been  found  for 
the  residual  material  from  incinerators  for  use  as  aggregate  in 
road  construction.  If  one  assumes  that  a market  can  be  found  for 
this  material,  then  the  landfill  requirements  can  be  reduced  to 
zero,  A second  advantage  to  incineration  is  the  reduction  of 
transportation  cost  to  the  landfill  site.  The  aggregate  is  ap- 
proximately 20  to  25  percent  of  the  weight  and  is  higher  in 
density.  Both  of  these  factors  reduce  the  cost  of  transportation 
to  the  landfill  site.  Finally,  the  emissions  from  an  incinerator 
are  well  below  any  limit  that  would  preclude  the  use  of  an  incin- 
erator or  incinerators  onsite. 

The  fuel  value  of  solid  waste  is  approximately  15  percent  of 
the  fuel  used  in  an  MIUS  installation.  The  usable  recovered  heat 
will  reduce  the  fuel  consumption  of  MIUS  by  approximately  5 per- 
cent. The  use  of  remote  potable  water  and  sewage  treatment  plants 
will  require  significantly  higher  transportation  costs  to  move 
the  raw  water  and  sewage  between  the  community  and  these  plants . 
The  incineration  of  the  solids  recovered  in  the  sewage  plant  has 
the  potential  of  producing  approximately  1 percent  additional  de- 
crease in  fuel  requirements  for  MIUS . 

The  remote  sewage  plant  can  have  no  smaller  capacity  than 
the  MIUS's  community  plant  (s);  and,  if  water-cooled  HVAC  is  used 
in  the  community,  the  plant  may  have  to  be  20  percent  or  larger 
than  an  MIUS  system.  Because  sludge  in  the  MIUS  water  management 
system  is  disposed  of  in  MIUS  incinerators,  a conventional  plant 
may  have  to  provide  incineration  facilities;  and  these  facilities 
may  or  may  not  be  integrated  into  the  solid-waste  disposal  and 
heat  recovery  system,  as  they  are  in  MIUS, 

From  both  a water  conservation  and  fuel  economy  standpoint, 
the  MIUS  water  management  system  offers  significant  improvement 
over  the  conventional  systems.  Also,  the'  system  offers  potential 
expansion  through  recirculation  to  make  the  community  independent 
of  outside  raw  water  supplies. 


Electrical  and  Thermal  Energy  Supplies 

The  alternative  to  the  MIUS  electrical  plant  is  the  conven- 
tional electrical  grid.  Boilers  may  also  be  required  to  provide 
heat  and  hot  water.  The  use  of  conventional  facilities  requires 

the  consumption  of  14  761  TJ/yr  (14  x 10  Btu/yr)  of  fuel  com- 
pared to  9489  TJ/yr  (9  x 10^^  Btu/yr)  for  an  MIUS  facility.  Ex- 
cept in  the  case  of  NOX’s,  the  conventional  plant  releases  approx- 
I imately  the  same  weight  of  pollutants  into  the  atmosphere  as  MIUS 

I does;  therefore,  it  provides  no  clear  advantage  in  reducing  the 

^ total  mass  of  pollutants  released  into  the  region.  The  NOX's 

» released  by  MIUS  significantly  reduce  fuel  savings.  Emission  con- 

trol devices  must  be  developed  not  only  for  the  MIUS  prime  mover, 
j but  also  for  conventional  facilities.  During  the  first  few  years 

j of  community  development,  MIUS  will  not  contribute  significantly 

I ^ to  NOX  pollution  of  the  region,  nor  is  it  a significant  local 

I iy  hazard.  Emission  control  devices  are  under  study,  and  it  is 

believed  that  this  problem  will  be  solved  early  in  the  community 
development. 

Approximately  50  percent  of  the  MIUS  fuel  saving  over  con- 
ventional plants  is  connected  with  recovered  heat  used  for  hot 
■ water,  heating,  and  air-conditioning.  The  availability  of  large 

amounts  of  water  from  the  sewage  plant  permits  the  use  of  cooling 
I ponds  for  the  operation  of  central  air-conditioning  plants,  which 

i are  about  twice  as  efficient  as  air-cooled  air  conditioners.  Thus, 

I the  use  of  conventional  electrical  facilities  and  conventional 

I heating  systems  requires  higher  fuel  expenditure  without  any 

I significant  reduction  in  pollution, 

t 

I 

I The  MIUS  plant  will  release  about  twice  the  thermal  energy  to 

I the  environs  of  the  community  as  conventional  facilities  release . 

I However,  this  energy  will  not  increase  the  peak  air-conditioning 

I load,  and  it  may  provide  some  fuel  savings  during  the  heating 

months . 

J 
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TABLE  D-1.-  STANDARD  GEOMETRIC  DEVIATIONS  AT  WHICH  "CONTROL"  SWITCHES  FROM  ONE 


Uss  is 


STANDARD  TO  ANOTHER 
IFrom  ref.  D-2] 


Pollutant 

Type  of 
standard 

Standards 

®g  day^ 
both 

standards 
achieved 
at  same 
time 

Continuous  air 
monitoring 
program 

®g  day 
(2) 

Annual  maximum  for  average  time, 
wg/m^ 

Annual 

geometric  mean 
of  24-hr 
averages , 

vg/m^ 

1 hr 

3 hr 

8 hr 

24  hr 

1 yr 

Min 

Median 

Max 

CO 

Primary  and 

40  000 

^10  000 

4,60 

1,36 

1.17 

1,70 

secondary 

HC  (nonmethane) 

Primary  and 

160 

secondary 

(6  to  9 

a.m.) 

NOX 

Primary  and 

100 

secondary 

Oxidants 

Primary  and 

160 

secondary 

Particulate 

Primary 

260 

^75 

1 .33 

1,25 

1.50 

2,00 

matter 

secondary 

■*150 

60 

1 .37 

Sulfur 

Primary 

3 

'^365 

80 

1.77 

1.72 

1.84 

2.12 

dioxide  (SO.) 

3 

Secondary 

1300 

260 

7.22 

^260 

60 

1.73 

ggy  is  standard  geometric  deviation  day. 

^Approximate  deviations  observed  on  National  Air  Surveillance  Network  data  are  listed  for  particulate  matter. 
^Air  quality  standard  that  is  expected  to  "control"  at  more  than  half  of  air  sampling  sites. 
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TABLE  D-2.-  TYPICAL  MIUS  DIESEL  EMISSIOHS^ 


Emission 

Topical  9-cylinder  model 

Typical  6~cylinder  model 

Diesel  fuel, 
g/MJ  (g/bhp  hr) 

Dual  fuel, 
g/MJ  (g/bhp  hr) 

Diesel  fuel, 
g/MJ  (g/bhp  hr) 

Dual  fuel, 
g/MJ  (g/bhp  hr) 

NOX 

6,26 

(16.8) 

fl.34  (11.65) 

4.10 

(11.0) 

5.55  (14.9) 

CO 

.19 

(.5) 

.55  (1.49) 

.54 

(1.44) 

.46  '(1.25) 

HC 

.067 

(*18) 

.12  (.32) 

.09 

(.24) 

.24  (.66) 

SO2 

.30 

(.8) 

Negligible 

.40 

(1.07) 

Negligible 

Particulates 

.015 

(.ot^) 

Negligible 

.057 

(.152) 

Negligible 

Bosch  spotometer-, 
smoke 

.07 

(.2) 

Negligible 

.26 

(.7) 

Negligible 

I 

Emissions  at  720  rpm. 


& 


TABLE  D-3.-  NORMALIZED  EMISSION  DATA  FOR  MIUS 


a 

I 

to 

tjj 


Type  plant  and 
pollutant 

Emission  rater 
g/GJ  (g/1  000  000  Btu) 

Allowed  rate , g/GJ 
(g/1  000  000  Btu) 

Fractions  of 
allowed  emissions 

MIUS  diesel 

(diesel  or  dual  fuel) 

Particulates 

0.012  to  0.046  (0.013  to  0.049) 

0.19 

(0.2) 

0.065  to  0.247 

3.5  (3.7) 

(.8) 

4.62 

NOX 

3.58  to  5.18  (3.78  to  5.46) 

2.3 

(.3) 

12.6  to  IS. 2 

MIUS  incinerator 

^.0000019  (.2x10“^) 

^.01 

(.01) 

.002 

Using  1 percent  sulfur  by  weight  (maximuin  for  no.  2 diesel). 

2 

0.19  g/GJ  (0.2  g/1  000  000  Btu)  for  gas  and  a weighted  average  ror  dual  fuel. 

3 3 

g/standard  m /min. 


TABLE  D-4.-  ESTIMATED  EMISSIONS  FROM  FOSSIL-FUELED  STEAM-ELECTRIC  POWEBPLANTS  - 1968^ 


Source 

Energy  generated, 
TJ  (MWh) 

SOj 

NOX 

Piirticulates 

Amount,  Tg 
(tons) 

Percent  of 
U.S.  total 

Amount,  Tg 
(tons) 

Percent  of 
U.S.  total 

Amount,  Tg 
(tons) 

Percent  of 
U.S.  total 

Coal-fired 

2 466  000  (685x10^) 

14.1  (15.5x10®) 

46.69 

2.7  (3.0x10®) 

14.57 

5.1  (5.6x10®) 

19.79 

Oil-fired 

374  000  (104) 

1.2  (1.3) 

3.91 

.4  (.4) 

1.94 

.02  (.02) 

.07 

Natural  gas 

1 094  000  (304) 

Negligible 

.5  (.6) 

2.91 

Negligible 

Total 

3 935  000  (1093) 

15.2  (16.8) 

50.60 

3.6  (4.0) 

19.42 

5.1  (5.62) 

19.86 

National  Air  Pollution  Control  Administration  (ref.  D-3) 


TABLE  D-5.-  POLLUTANTS  FROK  ELECTRIC  POWERPLANTS  BY  TYPE  OF  FOSSIL  FUEL 


Pollutants 

Average  rate  of 

emission 

Kilograms  per 
megagram  of 
coal  (Ib/ton) 

Kilograms  per 
3 

1 0 cubxc  meters 
of  oil 

(lb/10^  gal) 

Kilograms  per 

10  cubic  meters 
of  gas 

(lb/10®  ft^) 

Nitrogen  dioxide 

10  (20) 

12  462 

(104) 

6247  (390) 

SOj 

^19S  ^(38S) 

^18  813S 

^(1575) 

6.4  (.4) 

Sulfur  trioxide 

2 2 
^.3S  (,6S) 

^299. 6S 

^(2.5S) 

Negligible 

CO 

.25  (.5) 

4.8 

(.04) 

Negligible 

HC's  as  methane 

• 1 (.2) 

383.4 

(3.2) 

Negligible 

Aldehydes  as  formaldehyde 

.0025  (.005) 

71.9 

(.6) 

16  (1) 

Particulates 

^17A(1  - E) 

^10  (1 

- E) 

240  (15) 

Source:  Compilation  of  Air  Pollutant  Emission  Factors,  NAPCA,  Durham, 

North  Carolina,  1968  (ref.  D-3) - 

2 

S equals  percent  sulfur  in  the  fuel.  For  example,  coal  with  2 percent  sulfur 
will  emit  76  lb  of  SO2  and  1.2  lb  of  SO2  per  ton  of  coal  burned,  assuming  no 

removal  of  SO^  from  the  flue  gases.  In  coal-fired  boilers  much  of  the  SO^ 

is  removed  with  the  ash. 

^Emissions  of  fly  ash  are  a function  of  the  ash  content  of  the  fuel,  type  of 
furnace,  and  efficiency  of  the'  control  equipment.  For  a dry  bottom,  pulverized 
coal  ash,  fly  ash  emissions  in  Ib/ton  of  coal  burned  would  be  17A(1  ~ E) , where 
A is  the  ash  content  of  the  coal  expressed  in  percent  and  E is  the  efficiency  of 
the  precipitator  expressed  as  a decimal.  For  coal  having  an  ash  content  of  10 
percent  and  a precipitator  operating  at  an  efficiency  of  97  percent,  the  rate  of 
emissions  would  be  (17  ^ 10) (1  - 0.97)  = 2.55  kg/Mg  (5,1  Ib/ton)  of  coal. 


TABLE  D-6.-  NORMALIZED  EMISSION  DATA  FOR  CONVENTIONAL  POWERPLANT 

•1 

[National  average  of  conventional  powerplant,  1 


plant  and 
pollutant 

Emission  r^tsr  g/GJ 
Cg/1  000  000  Btu) 

Allowed  rate,  g/GJ 
(g/1  000  000  Btu) 

Fraction  of 
allowed 
emissions 

Coal  fired: 

Particulates 

1.10 

(1.16) 

0.2 

(0.2) 

5.80 

SO2 

3.04 

(3.21) 

1.1 

(1.2) 

2.67 

NOX 

.589 

(.621) 

.7 

(.7) 

.89 

Oil  fired: 

Particulates 

.036 

(.038) 

.2 

(.2) 

.19 

SO2 

2.36 

(2.49) 

.8 

(.8) 

3.11 

NOX 

.444 

(.468) 

.3 

(.3) 

1.56 

Gas  fired: 

Particulates 

Negligible 

.2 

(.2) 

NA 

SO2 

Negligible 

HA 

NOX 

.37 

(.39) 

.2 

(.2) 

1.95 

1 U 

National  average  fuel  rate  is  10*5  HJ/kW  (10  Btu/kW) . 


1 


TABLE  D-7.-  COMPARISON  OF  TOTAL  EMISSIONS  PER  YEAR 
FOR  MIOS  AND  CONVENTIONAL  PLANTS 


Pollutant 


MIUS  pollutant: 

NOX  (18.2  ing/W  (13.6  g/bhp) ) 

HC  (0.47  rag/W  (0,35  g/bhp)} 

SO2  (1  percent  by  weight  S) 

Particulates  (0.204  mg/W 
(0.152  g/bhp)) 

Conventional  pollutant: 

Coal  fired 


Particulates 
Oil  fired 


Particulates 


Gas  fired 


Total  emissions#  Ratio  of  conventional  plant 

MIUS  plant 


19  000 


10  000 


5 400 


10  400 


1 000 


4 700 


7 100 


Negligible 


Particulates 


TABLE  D-3.-  POLLUTANT  EMISSIONS  FROM  DIESEL,  0 AND  8/(6  HOX) 


Pollutant 

Controlling^  standard 
and  averaging  time 

Controlling  amount, 
yg/m^ 

Emission  rate, 
ug/MJ  (yg/kWh) 

6 

e 

6 NOX 

NOX 

Secondary  1 yr 

100 

4083  to  6250  (14  700  to  22  500) 

147  to  225 

1 

Particulates 

Secondary  24  hr 

150 

56  (203) 

1.35 

.009 

SOX 

Secondary  24  hr 

260 

5344  (21  400) 

82 

,557 

CO 

Secondary  8 hr 

10  000 

186  to  553  C670  to  1990) 

.067  to  .199 

Negligible 

HC 

Secondary  3 hr 
(6  to  9 a.ra.) 

160 

67  to  246  (241  to  884) 

1.3  to  5.5 

.010  to  .037 

See  reference  D-2, 


TABLE  D-9.-  LOCAL  POLLUTION  ANALYSIS 


Pollutant 

1 

Power  level  to  produce  FAQS 

pollution  level,  MW 

NOX 

100 

SO2 

36 

Based  on  table  3-1,  reference  D-5,  approximately 
50  percent  NOX  comes  from  stationary  sources. 


TABLE  D-10.-  EMISSION  OP  CO  FROM  MIUS  NEIGHBORHOOD 
FOR  8-HOUR  PERIODS,  SUMMER  2-SIGMA  CASE 


8-hr  period  starting 
with  the  hour  - 

Total 

emissions,  ppm 

Hourly 
average , kW 

2400 

36.3 

4.53 

100 

37.3 

4.66 

200 

39. 1 

4.87 

300 

40.6 

5.07 

400 

42.7 

5.33 

500 

45.2 

5.65 

600 

48.1 

6.01 

700 

50.6 

6.33 

800 

51.6 

6.45 

900 

52.1 

6.51 

1000 

53.1 

6.64 

1100 

55.0 

6.88 

1200 

57.5 

7.19 

1300 

59.1 

7.39 

1400 

60.2 

7.52 

1500 

60.6 

7.57 

1600 

60.3 

7.54 

1700 

57.8 

7.22 

1800 

57.1 

6.89 

1900 

51.6 

6.45 

2000 

47.1 

5.88 

2100 

42.9 

5.37 

2200 

38.9 

4.86 

2300 

37.0 

4.63 

D-28 


TABtE  D-11.-  SUSPENDED  PARTICLE  CONCENTRATIONS  (GEO^iETRIC  MEAN  OF  CENTER  CITY 


STATION)  IN  URBAN  AREAS,  T961  TO  196G 
(From  ref.  D-8] 


Standard  metropolitan  statistical  area 

Total 

suspended  particj.es 

Benzene-soluble 
organic  particles 

Rank 

pg/m^ 

Rank 

Chattanooga 

180 

1 

14.5 

2 

Chicago-Gary-Hammond-Bast  Chicago 

177 

2 

9,5 

19.5 

Philadelphia 

170 

3 

10,7 

12.5 

St.  Louis 

16S 

4 

12.8 

4 

Canton. 

165 

5 

12.7 

5 

Pittsburgh 

163 

6 

10.7 

12.5 

Indianapolis 

15B 

7 

12.6 

6 

Wilmington 

154 

8 

10.2 

15 

Louisville 

152 

9 

9.6 

18 

Youngstown 

14B 

10 

10.5 

14 

Denver 

147 

11 

11.7 

8.5 

Los  Angeles-Long  Reach 

145.5 

12 

15.5 

1 

Detroit 

143 

13 

8.4 

28 

Baltimore 

141 

14.5 

n.o 

10 

Birmingham 

141 

14.5 

10.9 

11 

Kansas  City 

140 

16.5 

8.9 

23 

York 

140 

16.5 

8.1 

34 

New  York-Jersey  City-Newarfc-Passaic-Patterson-Clifton 

135 

10 

10.1 

16 

Akron 

134 

20 

8.3 

30.5 

Boston 

134 

20 

11.7 

8.5 

Cleveland 

134 

20 

8.3 

30.5 

Cincinnati 

133 

22.5 

8.8 

25 

Milwaukee 

133 

22.5 

7,4 

42 

Grand  Rapids 

131 

24 

7.2 

44.5 

Nashville . 

128 

25 

11.9 

7 

Syracuse 

127 

26 

9.3 

23 

Buffalo 

126 

27.5 

6.0 

56 

Reading 

126 

27.5 

8.8 

25 

Dayton 

123 

29 

7.5 

40.5 

Allentown-Bethlehem-Easton 

120. S 

30 

6.8 

50 

Columbus 

113 

31 .5 

7.5 

40.5 

Memphis 

113 

31 .5 

7.6 

39 

Portland  (Oreg . } 

10B 

34 

9.5 

19.5 

Providence 

108 

34 

17,7 

38 

Lancaster 

108 

34 

6.8 

50 

San  Jose 

105 

36.5 

14.0 

3 

Toledo 

105 

36.5 

5.6 

58 

Hartford 

104 

38.5 

7.1 

46 

Washington 

104 

38.5 

9.4 

21 

Rochester 

103 

40 

6.1 

55 

utica-pome 

102 

41 

7.0 

47 

Houston 

101 

42 

6.8 

50 

Dallas 

99 

43 

8.8 

25 

Atlanta 

98 

44,5 

7,8 

36.5 

Richmond 

98 

44.5 

8.3 

30.5 

New  Haven 

97 

46 

7.3 

43 

Wichita 

96 

47 

5.2 

60 

Bridgeport 

93 

50 

7.2 

44.5 

Flint 

93 

SO 

5.3 

59 

Fort  Worth 

93 

50 

7.8 

36.5 

New  Orleans 

93 

50 

9.7 

17 

Worcester 

93 

SO 

8.2 

33 

Albany-Scheneetady-Troy 

91.5 

53 

6,6 

52 

Minneapolis-St,  Paul 

90 

54 

6.5 

53 

San  Diego 

89 

55 

8.5 

27 

San  Francis co-Oakland 

80 

56 

8.0 

35 

Seattle, 

77 

57 

8.3 

30.5 

Springfield-Holyoke 

70 

58 

47.5 

Greensboro-High  Point 

€0 

59 

54 

Miami 

58 

GO 

57 

D-29 


TABLE  P-12.-  EHISSIOH  IKVENTORV  OF  PARTICULATE  MATERIAL 
[From  ref.  t>-10] 


a 

I 

LO 

O 


Bourco  class 

Kctrcpolltan  area 

Hew  York/HeW  Jeroeyr  1966  1 

‘^ashlngtanp  1965-66 

St.  Louis^  1963  | 

Los  Angeles. 

1965 

Hg/yr  [ton/yr)  j 

Percent 

Mg/yr 

(ton/yr) 

Percent 

Mg/yr  (ton/yr) 

Percent 

Hg/yr  (ton/yr) 

Percent 

Fuel  corohuEtion 

121  935 

(134  410) 

58,1 

17  490 

(19  280) 

5S.4 

78  743  [86  BOO) 

58.9 

7784  (8580) 

18.8 

generation 

36  325 

iUO  0((Z} 

17.3 

9 992 

(9  912) 

28.5 

20  321  (22  400) 

15,2 

4377  (4825) 

10.5 

Coal 

28  778 

(31  722) 

13.7 

— 

— 

20  321  (22  400) 

15.2 

— 

Anthracite 

1(3 

(47) 

— 

__ 

— 

“ 

— 

— 

Bltmiinous 

2S  735 

(31  675) 

13.7 

8 972 

(9  890) 

2B,4 

Fuel  oil 

6 888 

(7  593) 

3.6 

20 

(22) 

.1 

" 

— 

. Distillate 

- 

- 

— 

17 

(19) 

.1 

— 

-- 

— 

— 

Residual 

6 BBS 

(7  593) 

3.3 

2. 

7 (3) 

Natural  gas 

66Q 

(727) 

— 

— 

— 

62  (68) 

— 

— 

— 

Industrial 

30  480 

(33  599) 

14. S 

318 

C3S1) 

1.0 

35  380  (39  000) 

26.5 

662  (730) 

1.6 

Coal 

21  266 

(23  442) 

lO.S 

122 

(135) 

.4 

34  464  (37  990) 

25.8 

— 

Anthracite 

7 277 

(8  022] 

3.5 

122 

— 

— 

“ 

— 

— 

— 

Bituminous 

13  989 

(15  420) 

6.7 

(135) 

.4 

Fuel  oil 

a 681 

(9  569) 

mm 

165 

(182) 

.5 

620  (683) 

,5 

— 

— 

Diotillate 

1 342 

<1  H79] 

21 

(23) 

.1 

— 

— 

-- 

Residual 

7 339 

(8  09D) 

1U4 

(159) 

.5 

Natural  gas 

533 

(588) 

31 

(34) 

.1 

384  (423) 

.3 

— 

Domes  tic 

37  261 

(41  073) 

17.8 

2 872 

(3  166) 

9.1 

18  053  (19  900) 

13.5 

2200  (2425) 

6.6 

Coal 

16  118 

(17  767) 

mm 

667 

(735) 

2.1 

17  121  (18  873) 

12.8 

— 

Anthracite 

Bituminous 

15  024 
1 094 

(16  561) 
(1  206) 

621 

45 

(685) 

(50) 

2.0 

.1 

— 

— 

" 

Fuel  oil 

19  577 

(21  sao) 

HB 

1 668 

(1  839) 

5.3 

609  (671) 

.5 

-• * 

Pistillate 

Residual 

13  822 
5 674 

(IS  236) 
(6  254) 

1 047 
621 

(1  154) 
(685) 

3.3 

2.0 

— 

— 

Natural  gas 

1 see 

(1  726} 

*7 

537 

(592) 

1,7 

321  [354] 

.2 

— 

— 

CocuDDrcial  and  government 

17  868 

(19  696) 

3.5 

5 308 

(5  851) 

16.8 

4 989  (5  500) 

3.7 

(11 

CD 

Coal 

7 384 

(8  139) 

3 530 

(3  891) 

11.2 

4 944  (5  450) 

3.7 

(1) 

CD 

4 021 

(4  432) 

139 

(153) 

.,4 

— 

" 

f1) 

(D 

Bituminous 

3 363 

(3  707) 

3 391 

(3  738) 

10.7 

__ 

(1  ) 

CD 

Fuel  oil 

9 883 

(10  894) 

HB 

1 646 

(1  814) 

5.2 

31  (34) 

— 

(1) 

CD 

2 976 

(3  281) 

1.4 

600 

(661) 

1.9 

— 

“ 

(1) 

(D 

<D 

Residual 

6 906 

(7  613) 

3.3 

1 046 

(1  153) 

3.5 

“ 

(1) 

Natural  gas 

601 

(663) 

— 

1 324 

(146) 

.4 

24  (27) 

-- 

(1) 

(1) 

includod  with  tho  data  given  for  domeotic  usors. 


<5 


’f* 


9 


TriBLE  D-IZ.-  Concluded 


a 

i 

w 


A 


Source  class 

Metropolitan  area 

New  York/New  Jersey,  1966 

Washington,  1965-66 

St 

. Louis,  1963 

Los  Angeles,  1965 

Mg/yr  (ton/yr) 

Percent 

Mg/yr  (ton/yr) 

Percent 

hg/yr  (ton/yr) 

Percent 

Mg/yr  (ton/yr) 

Percent 

ReCuQc  disposal 

37  860  (41  734) 

18.0 

7398  (8155) 

23.4 

14  333 

(15  BOO) 

10-7 

331  (365) 

0.8 

Incinerator 

— 

~ 

— 

1 642 

(1  700) 

1.2 

331  (365) 

-Q 

Open  burnin-g 

— 

"" 

— 

— 

12  791 

(14  too) 

9.6 

— 

— 

Transportation 

31  973  (35  24S) 

15*2 

5655  (6245) 

1B.0 

6 441 

[7  too) 

4.8 

19  536  (21  535) 

47.0 

Motor  vehicles 

30  627  (33  761) 

14.6 

5151  (5678) 

16-3 

4 2G4 

(4  700) 

3-2 

15  563  (17  15$) 

37,5 

20  529  [22  630) 

9.3 

3657  (4031) 

11.6 

3 719 

(4  100) 

2.8 

14  900  (16  425) 

35.9 

Diesel 

10  097  [11  131) 

4.8 

1494  (1647) 

4.7 

544 

(600) 

.4 

662  (730) 

1.6 

Aircraft 

— 

— 

372  (410) 

1.2 

191 

(211) 

.1 

3 642  (4  015) 

8.8 

shipping 

^1  346  (1  484) 

.6 

— 

— 

608 

(670) 

.5 

^331  (365) 

.8 

Railroads 

__ 

“ 

142  (157) 

.5 

1 361 

(1  500) 

1.0 

— 

-- 

Industrial  process 

ia  ass  C19  914) 

a. 6 

1007  (1110) 

3-2 

34  019 

(37  500) 

25-4 

12  578  (13  865) 

33.5 

Asphalt  batching 

— 

— 

— 

" 

180 

(198) 

-1 

331  (365) 

.8 

Asphalt  roofin9 

— 

— 

“ 

— 

- 

- 

— 

993  (1  095) 

2.4 

Cdncitt  plants 

— 

~ 

— 

— 

3 266 

(3  $00) 

2.4 

(4) 

— 

Chemical  plants 

— 

— 

— 

— 

- 

- 

— 

(5) 

— 

Coffee  processing 

— 

" 

— 

— 

34 

(38) 

(51 

— 

Coke  plant 

(5) 

— 

(5) 

— 

66 

(73) 

— 

(41 

Glass  and  frit  plants 

(5) 

“ 

(5) 

— 

- 

- 

— 

662  (730) 

1,6 

Grain  industry 

— 

— 

— 

6 074 

(6  695) 

4.5 

(5) 

— 

Metals 

— 

— 

11  279 

(12  433) 

8.3 

2 649  (2  920) 

6*4 



__ 

11  242 

(12  392) 

8.3 

1 324  (1  460) 

3.2 

KonferrouB 

“ 

“ 

— 

37 

(41) 

1 324  (1  460) 

3.2 

Solvent  uses® 

— 

- 

— 

- 

- 

— 

4 962  (5  470) 

11.9 

Sulfuric  acid  manufacturing 

— 

— 

— 

— 

174 

(192) 

.1 

(5) 

Superphosphate  manufacturing 

— 

— 

— 

— 

202 

(223) 

.2 

(0) 

— 

Other 

-- 

“ 

— 

— 

12  758 

(14  063} 

9.5 

331  (365) 

.8 

Total 

634  756  (231  303) 

100*0 

86  364.7  (34  790) 

100.0 

361  512 

(147  400) 

100.0 

95  473  (44  345) 

100.0 

^Both  alccraft  and  shipping. 

^Both  shipping  and  railroads. 

*^(fo  plants  in  that  jiotropolitan  area. 

®Data  foi  plants  were  not  reported. 

^Includes  chcraical  plont  eraisaions  of  solvents. 


TABLE  D-13.-  DISTRIBUTION  OP  SELECTED  CITIES  BY  POPULATION  CLASS  AND 
PARTICLE  CONCENTRATION  RESULTING  FROM  AUTOMOBILES,  1957  TO  1967 

[Prom  ref.  D-10] 


Population 

Number 

3 

Average  partxcle  concentration , yg/m 

of  cities 

40 

60 

80 

100 

120 

160 

180 

selected 

<40 

to 

to 

to 

to 

to 

to 

to 

to 

>200 

59 

79 

99 

119 

139 

159 

179 

199 

>3  000  000 

2 

. 

■M 

__ 

1 

1 

, 

1 000  000  to  3 000  000 

3 

— 

— 

— 

— . 

2 

1 

— 

— 

700  000  to  1 000  000 

7 

— 

— 

— 

2 

— 

4 

— 

— 

400  000  to  700  000 

18 

— , 

— 

4 

5 

6 

1 

1 

1 

— 

100  000  to  400  000 

99 

— 

3 

7 

30 

24 

17 

12 

3 

2 

1 

50  000  to  100  000 

93 

— 

2 

20 

28 

16 

12 

6 

5 

1 

3 

25  000  to  50  000 

71 

— 

5 

24 

12 

12 

10 

2 

1 

2 

3 

10  000  to  25  OOO 

64 

— 

7 

18 

19 

9 

5 

2 

3 

1 

— 

<10  000 

44 

1 

5 

7 

15 

11 

2 

1 

2 

— 

— 

Total  urban 

401 

1 

22 

77 

108 

79 

52 

31 

16 

8 

7 

T) 


TABLE  D-14.-  EXTERNAL  NOISE  EXPOSURE  STANDARDS 

FOR  NEW  CONSTRUCTION  SITES ^ 

Measurements  and  projections  of  noise  exposures  made 
at  appropriate  heights  above  site  boundaries 


General  external  exposure 
standards  category 

Criteria 

Unacceptable 

Exceeds  80  dB(A)  60  min/24  hr 

Exceeds  75  dB(A)  8 hr/24  hr 

Discretionary  - normally 

Exceeds  65  dB(A)  8 hr/24  hr 

unacceptable 

Loud  repetitive  sounds  on  site 

Discretionary  - normally 

Does  not  exceed  65  dB(A}  more  than 

acceptable 

8 hr/24  hr 

Acceptable 

Does  not  exceed  45  dB{A}  more  than 

30  min/24  hr 

From  reference  D-14 
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Figure  D-1,-  Distance  of  maximum  concentration  and  maximum  Xu/Q  as  a function  of 
stability  (curves)  and  effective  height  (meters)  of  emission.  (A,  B,  C,  D,  E,  a: 
F refer  to  the  stability  class.) 


Figure  0-2.-  Estimated  CO  concentrations  produced  by  automobiles  in  the  community 

(ref.  D-6) . 


Distance,  km 

Figure  D-3.-  A plot  of  Xu/Q  as  a function  of  distance  for  var- 
ious heights  of  emission  (H)  and  limits  to  vertical  dispersion 
(L)  for  D stability. 
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Figure  D-4.-  A plot  of  Xu/Q  as  a function  of  distance  for  var- 
ious heights  of  emission  (H)  and  limits  to  vertical  dispersion 
(L)  for  F stability. 
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Figure  D-5.-  Diurnal  variation  of  temperature  in  Vienna  for  Feb 
ruary  and  July  for  both  an  urban  and  suburban  station  (ref. 


APPENDIX  E 


COST  METHODS  AND  COST  ANALYSIS  EESDLTS 
INTfiODOCTION 


A primary  purpose  of  the  community  conceptual  design 
study  was  to  assess  the  economic  feasibility  of  providing 
utility  services  to  new  towns  by  using  the  modular 
integrated  utility  systems  (MIUS)  concept.  The  study 
encompassed  the  growth  features  typical  of  the  large,  new, 
planned  suburban  communities  under  development  in  many  areas 
of  the  United  States.  The  conceptual  community  included  all 
features  of  a residential,  social,  and  commercial 
development  excluding  industrial  features.  The  community 
had  a development  period  of  20  years  (from  1975  to  1994) 
with  a planned  population  of  110  000  by  1994.  To  effect  an 
equivalent  comparison  between  the  costs  of  conventional 
utilities  and  services  and  MIOS  services,  it  was  necessary 
to  specify  conceptual  conventional  utility  systems  and  to 
develop  their  costs.  Typically,  for  the  sense  in  which 
costs  are  used  in  this  report,  conventional  services  costs 
are  not  represented  by  prevailing  rate  structures,  and  the 
cost  of  each  conventional  service  may  vary  considerably 
depending  on  many  different  parameters.  Except  for  the  cost 
of  electrical  power,  which  may  vary  by  a factor  of  about  3 
in  the  continental  United  States,  all  other  utility  services 
may  vary  by  a factor  of  10  or,  more.  The  general  costing 
approach  was  to  develop  median  and  average  costs  for 
conventional  services  and  to  compare  the  results  with  the 
range  of  utility  service  costs  for  representation  of  an 
"average"  situation. 


SCOPE  OF  THE  ANALYSES 


Cost  and  economic  analyses  for  the  community  study  were 
limited  in  the  cost  elements  that  were  considered.  Hardware 
and  installation  costs  comprised  the  capital  outlay;  fuel, 
operating  materials,  and  operating  labor  were  considered 
under  operating  costs.  Maintenance  materials,  some  hardware 
replacement,  and  maintenance  labor  were  considered  under 
maintenance  costs.  Because  the  transient  buildup  period  of 
the  conceptual  community  was  considered,  an  accounting  of 
system  residual  value  at  the  end  of  the  study  was  necessary 


E-1 


I 


I 


to  effect  an  equivalent  comparison  between  conventional  and 
BIOS  services.  This  accounting  was  accomplished  by 
assigning  a useful  life  to  the  equipment  and  assuming 
straight-line  depreciation.  Elementary  economic  projections 
were  determined  by  assuming  escalation  of  material,  labor, 
and  fuel  costs.  Discounted  cash-flow  (DC?)  analyses  were 
conducted  to  provide  an  additional  mode  of  cost  comparison. 
The  depth  of  the  cost  and  economic  analyses  was  generally 
commensurate  with  the  conceptual  definition  and  design. 

Land  costs,  construction  time,  taxes,  revenues,  and  profits 
were  not  considered. 

Cost  guidelines,  agreed  to  with  the  U.S.  Department  of 
Housing  and  Urban  Development  before  the  study,  are 
summarized  as  follows. 

1.  Only  total  costs  were  considered.  There  was  no 
consideration  of  who  paid  the  costs. 

2.  Projections  were  made  for  all  items  involved  in  the 
costing  analysis. 

3.  Distortions  as  a result  of  taxes,  governmental 
subsidies,  and  existing  rate  structures  were  not  reflected 
in  the  data, 

4.  The  effects  of  mass  production  of  the  HIUS  were  not 
considered. 

5.  The  assumption  was  made  that  the  conventional  system 
must  add  capacity  for  the  satellite  community. 


SUHHaSY  OF  THE  ANALYSES 


The  following  conclusions  resulted  from  the  community 
study  cost  anslyses. 

1.  The  Bins  utilities  and  services  appear  to  be  cost 
competitive  with  conventional  utilities  and  services  for 
large,  new-community  applications. 

2.  A major  cost  saving  for  BIDS  is  in  electrical  power. 
This  saving  results  from  reduced  fuel  requirements  and 
electrical  transmission  facilities. 

3.  A major  cost  saving  for  HIUS  results  from  reduced 
water  supply  requirements. 

4.  The  capital  and  operating  costs  of  small  wastewater 
treatment  plants  are  not  offset  by  reduced  collection  costs; 
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local  intermediate-sized-plant  capital  and  operating  costs 
may  be  cost  effective  because  of  reduced  collection  costs. 

5.  The  increased  capital  cost  of  large  central  air- 
conditioning  systems  is  offset  by  reduced  maintenance  cost. 

6.  Solid-waste  collection  and  handling  costs  are  not 
reduced  significantly  by  MIUS;  however,  energy  recovery  from 
solid  waste  appears  economically  desirable. 

7.  Cost  escalations  and  DCF  analyses,  when  compared  to 
the  sura  of  costs  in  current  dollars,  do  not  significantly 
affect  the  conclusions. 

The  cost  summaries  of  the  community  MIUS  concepts  and 
the  conventional  utility  service  are  presented  in  tables  E-1 
to  E-10.  Table  E-1  gives  a total  cost  comparison  between 
conventional  utility  costs  and  the  two  MIUS  concepts 
evaluated  for  the  study  period  (1975  to  1994) . A major  cost, 
element  in  the  table  is  that  for  diesel  fuel,  which  does  not 
represent  a realistic  fuel  for  central  station  conventional 
electrical  power.  The  variations  in  fuel  cost  for  central 
station  electrical  power  are  given  in  table  E-2.  Table  E-3 
illustrates  the  cost  comparison  on  a subsystem  level,  and 
tables  E-4  to  E-9  display  additional  detail  for  each 
conventional  system  and  MIUS  subsystem.  Table  E-10  was 
developed  to  show  variations  in  capital  and  operation  and 
maintenance  (OSM)  costs  for  conventional  powerplants  using 
different  fuels.  The  capital  and  O&M  cost  data  for  the 
conventional  powerplants  were  taken  from  averages  of  plants 
that  have  gone  into  operation  in  the  United  States  in  recent 
years.  Additional  detail  on  these  plants  is  provided  in  a 
subsequent  section  of  this  appendix.  The  results  of  this 
additional  study  do  not  affect  the  conclusions  originally 
presented. 


COSTING  ASSUMPTIONS,  EULES,  AND  METHODOLOGY 


This  section  delineates  the  general  assumptions,  which 
were  made  for  costing,  and  discusses  the  methodology  used 
for  the  costing  and  economic  analysis.  The  following 
guidelines  were  used, 

1.  The  period  of  community  development  was  from  January 
1,  1975,  to  December  31,  1994. 

2.  Cost  data  were  developed  for  mid- 1973. 

3.  Cost  escalations  were  assumed  at  a rate  of  3 
percent/yr,  compounded  annually,  from  mid-1973  for  all  items 
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except  fuel.  The  rate  of  3 percent  was  based  on  the  average 
increase  in  the  wholesale  price  index  for  all  comraodities 
between  1962  and  1972.  Escalation  rates  for  fuel  were 
assumed  at  5 percent/yr  and  15  percent/yr,  compounded 
annually. 

4.  A discount  rate  of  15  percent/yr  was  assumed. 

Limited  investigation  indicated  that  this  was  a reasonable 
historical  rate  for  regulated  investor-owned  public 
utilities. 

5.  The  accounting  assumptions  were  as  follows. 

a.  Capital  outlays  were  assumed  to  be  made  on 
January  1 of  each  year. 

b.  Accounting  for  O&M  outlays  was  made  as  of 
December  31  of  each  year. 

c.  Except  for  the  phased  buildup  period  of  the 
study,  no  construction  time  was  assumed. 

d.  The  value  of  capital  equipment  was  not  escalated 
after  the  capital  outlay. 

e.  Straight-line  depreciation  over  the  useful  life 
of  the  equipment  was  assumed. 

f.  where  positive  salvage  values  were  used,  the 
salvage  value  was  escalated  at  3 percent/yr,  compounded 
annually. 

g.  Negative  salvage  values  .were  not  used. 

h.  All  outlays  were  discounted  to  January  1,  1975. 

i.  Equipment  residual  value  (without  escalation)  on 
December  31,  1994,  was  discounted  to  January  1,  1975. 

j.  Capital  outlays  for  equipment  replaced  during 
the  study  period  were  at  escalated  values. 

k.  Land  costs  and  site  preparation  costs  were  not 
considered. 


l.  Fixed  charges  (taxes,  interest,  insurance,  etc.) 
were  not  considered. 

m.  Revenues,  profits,  dividends,  etc.  were  not 
considered . 
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n.  When  historical  data  were  used  to  determine  raid- 
1973  costs,  adjustments  were  made  for  increases  in  materials 
and  labor  costs. 


DISCOUNTED  CASH  ANALYSIS  PSOGSAiS 


A simple  computer  program  was  developed  for  use  in  the 
community  study.  The  program  was  designed  to  sum  input 
data,  assess  system  residual  value  based  on  the  input  data, 
escalate  and  sum  the  input  data,  and  discount  and  sum  the 
escalated  values.  Inputs  to  the  program  (for  the  community 
study)  tiere  year-by-year  (in  mid-1973  dollars)  values  for 
capital  expenditures,  useful  life,  salvage  value,  fuel  (in 
10^  Btu) , electricity  (in  kilowatt  hours) , and  other  OSH 
costs.  The  program  accepted  multiple  inputs  per  year  for 
all  items.  Fuel  inputs  and  electrical  power  inputs  were 
converted  to  1973  dollars  by  an  appropriate  multiplier. 

An  additional  program  feature,  which  was  used  only  for 
the  community  solid-waste  system,  provided  for  components 
with  a useful  life  of  less  than  the  period  of  the  study  to 
be  automatically  replaced  at  the  appropriate  time,  credit 
taken  for  the  salvage  value,  and  the  additional  expenditure 
reflected  in  the  capital  outlay  sums.  For  the  solid-waste 
systems  considered  in  this  study,  numerous  components  (such 
as  trucks  and  collection  vehicles)  had  a useful  life  of  less 
than  20  years.  Although  a similar  situation  existed  for  the 
heating,  ventilation,  and  air-conditioning  (HVAC)  and  hot- 
water  equipment,  a satisfactory  data  base  was  available  so 
that  replacement  costs  could  be  included  in  the  maintenance 
expense  data. 

All  dollar  inputs  to  the  program  for'  the  community  study 
were  in  1973  dollars.  Fuel  and  electricity  inputs  were 
converted  to  1973  dollars  within  the  program.  Capital  costs 
were  escalated  at  3 percent/yr,  compounded,  from  1973  with 
the  yearly  evaluation  point  being  January  1 of  each  year 
from  1975  to  1994.  That  is,  1975  capital  inputs  in  1973 
dollars  were  escalated  by  (1.03)^  for  1975  dollars;  1976 
capital  inputs  in  1973  dollars  were  escalated  by  (1.03)3  for 
1976  dollars,  and  so  on.  For  08H  costs,  the  assumption 
reflected  in  the  program  was  that  the  accounting  would  be 
made  at  the  end  of  each  year.  The  1975  inputs  for  O&H 
(other  than  fuel)  in  1973  dollars  were  escalated  by  (1.03)3 
for  1975  dollars;  1976  inputs  for  OSM  (other  than  fuel),  in 
1973  dollars,  were- escalated  by  (1.03) for  1976  dollars, 
and  so  on.  Fuel  costs  were  handled  in  the  same  manner  as 
all  other  05H  except  that  escalation  rates  of  5 percent/yr, 
compounded,  and  15  percent/yr,  compounded,  were  used. 
Escalated  values  were  discounted  at  15  percent/yr  to 
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January,  1975,  with  discount  exponents  running  from  0 for 
capital  in  1975,  and  from  1 for  OSH  costs  in  1975.  An 
example  of  the  program  output  and  the  results  used  In  the 
summary  data  are  given  in  table  E-11. 


CONVENTIONAL  UTILITIES  AND  SERVICES 


conventional  utilities  and  services  were  defined  in 
detail  and  were  costed  in  a manner  similar  to  HIUS  costing 
to  effect  an  equivalent  cost  comparison.  Capital,  or 

initial  cost,  and  annual  O&H  costs  were  evaluated.  The  ^ 

primary  systems  and  functions  that  were  costed  are  as 

follows. 

0 

Electrical  power; 

Generation 
Transmission 
Distribution 
General  plant 
Water  supply; 

Supply  pumping  station  and  supply  pipeline 
Treatment  plants 
Storage  and  distribution 
Hot  water; 

Individual  dwelling  unit  hot-water  heaters  and  individual 
building  central  circulating  systems  for  the  large 
buildings 

Wastewater; 

Collection 

Treatment 

Disposal  {not  costed) 

HVAC: 

Individual  dwelling  unit  systems  for  the  single-family 
dwellings,  townhouses,  and  garden  apartments;  central 
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chilled-  and  hot-water  systems  for  the  high-rise 
apartments,  commercial,  and  community  buildings 

Solid  waste: 

Typical  community  residential  and  commercial  collectio 
and  transport  equipment 

Incineration  equipment 

Landfill  equipment 


/ 

Conventional  Electrical  Power  System 

Conventional  electrical  power  costs,  except  for  local 
distribution,  were  effectively  based  on  a proportional  part 
of  a conventional  power  grid.  The  local  distribution  system 
was  defined  in  detail  and  was  costed  accordingly.  The 
growth  of  the  conventional  power  grid  was  assumed  to  be 
identical  to  the  growth  of  the  community  requirements.  (A 
study  of  the  1970  Federal  Power  Commission  (FPC)  (ref.  E-1) 
projection  data  indicated  that  the  community  requirements 
increase  faster  in  the  earlier  years  of  development  and 
slower  in  the  later  years  of  development  than  projected  grid 
growth  for  the  period  from  1975  through  1990.  The  variation 
makes  the  assumption  reasonable.) 

To  realistically  assess  mid-1973  replacement  costs,  a 
particular  powerplant  was  selected  as  a cost  base  for  the 
conventional  system.  Power  generation  capital  and  O&M  costs 
(except  for  fuel)  were  based  on  the  Homer  City,  Pa.,  1319- 
megawatt  coal-burning  plant  that  began  operation  in  1969. 

The  reported  capital  cost  of  the  plant  (ref,  E-1)  (fig.  E-1) 
was  S133/kW.  This  cost  was  assumed  to  be  in  1966  dollars, 
average,  for  purposes  of  this  study.  The  fuel  energy  cost 
of  this  plant  in  1969  was  10  449  Btu/fcWh  generated. 
Transmission  and  distribution  losses,  typical  of  the  east 
central  electrical  power  region,  of  8,7  percent  of  the 
delivered  power  would  increase  the  energy  cost  of  delivered 
electrical  power  to  11  360  Btu/kWh,  which  corresponds  to  the 
values  used  in  the  energy  analysis  calculations.  The 
proportional  part  of  the  electrical  power  system  charged  to 
the  community  was  based  on  the  year-by-year  "2  sigma  plus  6 
percent*^  peak  reguireraent  of  the  community.  This  "2  sigma 
plus  6 percent"  peak  provides  a reserve  capacity  of  20  to  25 
percent  over  the  average  peak  requirements  and  is  typical  of 
O.S.  grid  network  reserve  capacity.  A special  study 
indicated  that  the  community  peak  requirements  coincided 
closely  with  those  of  a typical  grid,  both  daily  and 
seasonally,  so  that  no  adjustment  was  necessary  for 
diversity  of  peak  requirements. 
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Transmission  and  general  plant  cost  components  of  the 
conventional  electrical  power  system  were  based  on  the  cost 
of  these  facilities  for  the  east  central  power  region.  The 
local  distribution  system  for  the  community  was  defined#  and 
costs  were  determined  from  current  equipment  cost  sources 
(refs.  E-2  to  E-7)  . The  OSM  costs  (except  for  fuel)  were 
derived  from  the  same  data  base  as  the  system  capital  costs. 
Fuel  costs  were  also  taken  from  references  E-2  to  E-7,  A 
useful  life  of  32  years  was  assumed  for  the  conventional 
electrical  power  system  and  was  based  on  a cost- weighted 
average  of  generation,  transmission,  distribution,  and 
general  plant  facilities. 

To  make  an  equivalent  comparison  of  conventional 
electrical  power  costs  and  the  HIUS  diesel  engine  electrical 
power  costs,  it  was  assumed  that  the  conventional  powerplant 
could  use  diesel,  fuel  oil,  or  coal  without  any  change  in 
operating  or  capital  cost.  This  assumption  is  not  exact; 
however,  some  study  of  the  PPC  data  indicated  that  this 
method  provides  a reasonable  approximation  of  conventional 
electrical  power  costs  as  a function  of  fuel  cost,  a 
subsequent  and  more  detailed  study  of  the  variations  in 
plant  capital  and  O&W  costs  confirmed  that  the  original 
assumption  was  valid  and  reasonable  for  the  cost  of 
conventional  electrical  power.  Results  and  data  related  to 
this  latter  study  are  discussed  in  a subsequent  section  of 
this  appendix.  The  logic,  calculations,  and  major  cost 
elements  used  to  arrive  at  a cost  for  conventional 
electrical  power  are  summarized  in  table  E-12. 

The  conventional  electrical  power  system  cost  was  based 
on  the  Homer  City,  Pa.,  powerplant,  which  began  operation  in 
1969.  Transmission  and  general  plant  costs  were  based  on 
these  facilities  for  the  east  central  power  region  as  used 
by  the  FPC.  The  following  analysis  illustrates  the  method 
and  calculations  used  to  arrive  at  a 1973  replacement  cost 
for  this  system. 

Assuming  that  the  cost  of  the  Homer  City,  Pa. , plant 
($175  167  000)  is  in  1966  dollars  (ref.  E-8)  , the  1968 
replacement  cost  (to  make  these  data  compatible  with  the 
1970  Federal  Power  Survey)  was  obtained  in  the  following 
manner , 

Labor  (ref.  E-5) $4.80/$4.25  = 113  percent 

Haterials  (ref.  E-9)  104.2  percent 

(1966  = 97.  2;  1968  = 101.3) 

Percentages  of  labor  and  materials  in  powerplant 
construction  (ref.  E-10)  1965-1967  were  as  follows:  labor, 

25  percent;  materials,  75  percent.  Therefore,  the  1968 
replacement  cost  of  the  powerplant  is 
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($175  167  000)  (1.13)  (0.25)  = $ 49  600  000 
($175  167  000)  (1  .042)  (0.75)  = _I37_000_000 

Total  1968  replacement  $186  600  000 

cost  of  powerplant 

For  the  components  of  transmission  and  general  plant, 
the  1970  Federal  Power  Survey  data  were  used  (ref.  E-1) . 

From  volume  I,  section  19-5,  East  Central  Region  (1968 
data),  table  19.4,  the  following  data  provide  the  values  for 
the  component  parts  of  the  electrical  power  system. 


Billion  of 


Component 

dollars 

Percent 

Production 

5.8 

41.1 

Transmission 

' 2.5 

17.7 

Distribution 

5.2 

36.  9 

General  plant 

.6 

4.3 

With  a powerplant  cost  of  $186.6  million,  transmission 
and  general  plant  costs  associated  with  the  Homer  City  plant 
would  be 

Transmission,  17.7/41.1  of 

$186.6  million  . $ 80  500  000 

General  plant,  4.3/41.1  of 

$186.6  million 19  500  000 

Powerplant 186  6,0Q_0p0 

Total  1968  replacement  cost  of 
the  system  not  including 

distribution $286  600  000 

The  1973  replacement  cost  of  the  system,  not  including 
local  distribution,  reflects  the  change  in  construction 
labor  costs  and  electrical  machinery  and  equipment  from  1968 
to  1973  (refs.  E-5  and  E-9)  . 


Labor 


. 8.10/4,80  = 1.688 

(68.8  percent  increase) 


I 


Electrical  machinery  and 

equipment  .••••••••••  111.2/101.3  = 1,097 

(9.7  percent  increase) 

For  1973  replacement  cost,  the  percentages  of  labor  and 
materials  in  powerplant  construction  (ref.  E-10)  would  be  as 
follows;  labor,  35  percent;  materials,  65  percent. 
Therefore,  the  1973  replacement  costs  are  computed  as 

($286  600  000)  (1 .688)  (0.35)  = $169  100  000 

($286  600  000)  (1.097)  (0.65)  = _204_400_000 

Total  $373  500  000 

which  represents  replacement  cost  of  the  system  based  on  the 
foregoing  assumptions  and  data  base  (not  including  local 
distribution)  . 

Tables  E-13  to  E-16  present  the  major  data  of  the  DCF 
program  and  the  results  of  conventional  electrical  power 
cost  analyses.  A cost  escalation  rate  of  3 percent/yr  was 
used  for  all  items  except  fuel.  Fuel  costs  were  escalated 
at  rates  of  5 percent/yr  and  15  percent/yr.  A discount  rate 
of  15  percent/yr  was  used  in  all  DCF  calculations. 


Conventional  Water  Supply  System 

The  water  supply  was  assumed  to  be  from  a natural  source 
located  15  miles  from  the  community,  A pumping  station, 
installed  in  1975  and  expanded  in  1984,  was  located  at  the 
source,  and  raw  water  was  pumped  to  the  treatment  plant 
located  on  the  perimeter  of  the  community.  The  raw  water 
was  piped  through  a 42-inch  cast  iron  pipeline  assumed  to 
have  been  installed  in  1975.  Right-of-way  costs  and 
electrical  power  distribution  capital  costs  for  the  supply 
pumps  were  not  considered. 

The  treatment  plant  was  assumed  to  have  been  installed 
in  4 X 10*  gal/day  capacity  stages  as  the  community 
requirements  increased.  The  capacity  at  the  end  of  the 
study  period  was  28  x 10*  gal/day.  The  local  distribution 
system  was  cast  iron  pipe  in  sizes  from  8 to  42  inches.  Two 
3.5  X 10*  gallon  elevated  storage  tanks  (with  boost  pumps) 
were  assumed  to  have  been  installed,  one  in  1975  and  one  in 
1984.  A useful  life  of  100  years  was  assumed  for  the  cast 
iron  pipe,  40  years  for  the  elevated  storage  tanks,  and  30 
years  for  the  treatment  plants  and  pumping  stations. 

The  O&H  costs  for  the  treatment  plants  were  developed 
using  comparative  data  obtained  from  numerous  operating 
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facilities  and  from  references  E-11  to  E-13.  The  OSH  costs 
for  the  supply  and  distribution  eguipment  were  assumed  to  be 
one-fourth  the  labor  costs  required  for  operating  and 
maintaining  the  treatment  plants. 

Tables  E-17  to  E-20  display  the  cost  results  and  major 
input  data  for  the  conventional  water  supply  system. 


Conventional  Hot-Water  System 

The  conventional  hot-water  equipment  that  was  costed  for 
the  community  study  is  typical  of  that  currently  being 
installed  in  homes,  apartments,  townhouses,  and  commercial 
buildings.  Each  single-family  dwelling  was  provided  with  an 
electric  hot-water  heater.  This  equipment  was  identical  to 
that  used  for  both  HIUS  options.  The  townhouses  were  also 
provided  with  individual  electric  hot-water  heaters.  The 
high-rise  apartments  and  commercial  buildings  were  equipped 
with  central  hot-water  systems  with  continuously  circulating 
hot  water.  These  systems  included  oil-fired  boilers,  heat 
exchangers,  circulating  pumps,  pressure  boost  pumps,  storage 
tanks,  and  thermostatic  controls.  Distribution  plumbing  was 
not  costed  for  either  the  conventional  or  the  HIUS  options. 

All  capital  costs  were  taken  from  current  component  cost 
data.  Useful  life  and  O&H  costs  were  taken  from  references 
E-14  and  E-15.  Haintenance  costs  were  allocated  so  as  to 
keep  the  eguipment  in  "like  new"  condition.  Reference  E-14 
provides  maintenance  factors  for  the  community-type 
equipment  between  3 and  8 percent/yr  of  the  initial  cost. 

For  expediency,  a factor  of  5 percent/yr  was  used  for  all 
hot-water  eguipment.  Electrical  power  requirements  and  fuel 
oil  requirements  were  determined,  and  electrical  power  costs 
are  included  in  the  electrical  power  system  costs. 

Tables  E-21  to  E-24  display  costing  results  and  details 
of  the  equipment.  Because  this  equipment  was  unique  to  each 
building  type,  much  of  the  annual  summary  costing  was 
accomplished  by  a computer  routine  developed  for  use  with 
the  HVAC  equipment.  Details  of  this  computer  routine  are 
discussed  in  a subsequent  section  of  this  appendix. 


Conventional  Wastewater  System 

Conventional  wastewater  costs  were  based  on  collection 
system  costs  and  treatment  plant  costs.  Provisions  for 
outfall  from  the  treatment  plant  were  not  considered. 
Costing  results  and  detailed  costing  data  are  presented  in 
tables  E-25  to  E-29. 
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The  treatment  plants  were  located  on  the  periphery  of 
the  community  and  were  assumed  to  be  installed  in  2 x 10® 
gal/day  capacities  as  the  requirements  of  the  community 
increased.  The  total  capacity  at  the  end  of  the  study 
period  was  14  x 10®  gal/day.  Capital  cost  and  OSH  costs  for 
the  treatment  plants  were  developed  from  comparative  data 
obtained  from  numerous  operating  facilities  and  from 
references  E-11  and  E-13. 

The  collection  system  was  composed  of  concrete  sewer 
pipe  (in  sizes  ranging  from  8 to  66  inches  in  diameter) , 
lift  stations,  and  manholes.  The  gravity  system  was  assumed 
to  have  been  installed  in  a flat  area  and  consequently 
required  more  lift  stations  than  a typical  system.  The  OSH 
costs  for  the  collection  system  were  taken  as  one-fourth  the 
OSK  labor  costs  for  the  treatment  plants.  Electrical  power 
costs  for  the  treatment  plants  and  collection  system  were 
included  in  the  electrical  system  power  costs.  Capital 
costs  for  the  collection  system  were  largely  based  on 
estimates  by  the  Howard  Research  and  Development  Corporation 
for  Columbia,  Hd.  (ref.  E-16)  . These  cost  data  were 
escalated  appropriately  using  the  U.S.  Department  of  Labor 
wholesale  price  indexes. 

After  the  initial  definition  and  costing  of  the 
conventional  wastewater  collection  system,  a baseline 
configuration  was  specified  to  be  used  for  conventional 
costing  and  for  costing  both  MIUS  options.  Variations  from 
the  baseline  configuration  were  specified  as  additive  and 
subtractive  deltas.  These  variations  are  reflected  in  the 
annual  capital  costs  given  in  table  E-27. 


Conventional  HVAC  System 

The  conventional  HVAC  systems  are  unique  to  each 
building  type.  Individual  dwelling-unit  housing  (exclusive 
of  the  high-rise  apartments)  used  heat  pumps  with 
supplementary  electrical  resistance  heating.  Four-pipe, 
central  chilled-  and  hot-water  systems  were  used  for  all 
other  applications.  The  chilled-water  systems  used 
electrically  driven  centrifugal  compressors.  The  hot-water 
boilers  were  fuel-oil  fired. 

Capital  costs  for  the  HVAC  equipment  were  based  on 
current  cost  references  and  included  refrigeration  machines, 
cooling  ponds,  hot-water  boilers,  fan  coil/air  handling 
equipment,  thermostatic  controls,  insulated  piping  and 
valves,  and  pumps.  Maintenance  costs  were  taken  primarily 
from  reference  E-15.  The  maintenance  factors  included 
maintenance  of  equipment  in  "like  new"  condition;  therefore, 
useful  life  did  not  enter  into  the  cost  analysis  in  exactly 


the  same  manner  as  for  the  other  subsystems.  Typical 
maintenance  factors  for  a 20-year  period  are  as  follows. 


Component  Maintenance  factor 

Centrifugal  compressors  0.7 

Self-contained 

air-conditioning  units  1.4 

Fan  coil  units  .6 

Circulating  pumps  .66 

Window  air-conditioning 

units  2,0 


Operating  costs  typically  amounted  to  the  cost  of 
electrical  power  and  fuel.  Electrical  power  consumption  was 
initially  assessed  and  costed  for  individual  equipment  but 
was  omitted  from  these  analyses  because  it  was  also  included 
under  the  electrical  power  system  costs  The  HVAC  power 
comsumption  was  calculated  from  the  following  factors. 

1.  Data  for  the  daily  heat  load  (Btu/day)  were  taken 
from  building  data  and  weather  conditions. 

2.  For  compression  chillers,  the  power  load  was 
computed  from  the  heat  load  and  the  coefficient  of 
performance  (COP)  . 


Btu/day 

kwh/day  = 

COP (3412  Btu/kWh) 


The  COP  varies  with  machine  type  and  cooling  water 
temperature;  it  is  generally  between  2 and  4. 

3.  Accessories  power  load  for  pumps,  fan  coils, 
blowers,  etc.  were  summed  and  multiplied  by  the  hours  of 
operation. 

4.  Peak-power  loads  were  determined  for  each  unit  to 
define  the  required  generator  capacity. 

Because  the  community  buildup  occurred  over  a 20-year 
period  and  a discounted  cash  analysis  was  required,  the 
analysis  of  this  system  became  very  time  consuming. 
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Therefore,  a simple  computer  program  was  formulated  to 
simplify  the  task.  The  program  used  matrix  multiplication 
to  provide  a year-by-year  evaluation  of  costs  by  building 
and  included  the  following  parameters. 

1.  Capital  cost 

2.  operating  and  maintenance  cost 

3.  Electrical  power  consumption 

4.  Heating  fuel  requirements 

5.  Operating  personnel 

6.  Delivered  service  (tons  of  air-conditioning) 

7.  Total  air-conditioning  power  required 

Tables  E-30  to  E-34  provide  the  cost  analysis  results 
and  additional  detail  on  the  conventional  HVAC  costing. 

Matrix  A (table  E-32(a))  illustrates  the  unit  values  for 
each  building  type.  Matrix  B (table  E-32  (b) ) gives  the 
year-by-year  schedule  of  building  completions.  Matrix  C 
(table  E-33(a))  gives  the  product  of  A x B,  which  provided 
the  year-by-year  totals  of  capital,  O&H,  fuel,  electricity, 
and  delivered  service.  This  output  was  used  as  an  input  to 
the  DCF  analysis.  The  program  also  provided  for  plotting 
the  results  of  matrix  C,  which  is  illustrated  in  figure  E-2. 


Conventional  Solid-Waste  System 

The  conventional  solid-waste  system  consists  of  the 
local  collection  equipment,  the  transport  equipment  for 
hauling  solid  waste  to  a central  incinerator  and  landfill 
area  located  offsite,  the  incinerators,  and  the  landfill 
equipment.  The  results  of  the  costing  study  and  detailed 
information  on  the  equipment  for  this  system  are  included  in 
tables  E-35  to  E-37.  The  primary  difference  between  the 
conventional  solid-waste  system  and  the  HIDS  solid- waste 
subsystem  is  that  the  incinerators  for  the  MIUS  are  located 
onsite  at  the  village  centers  and  at  the  town  center,  and 
they  include  heat  recovery  equipment.  The  conventional 
system  required  one  less  incinerator  than  the  MIUS  system. 
For  the  conventional  and  MIUS  solid-waste  equipment,  a 
difference  in  useful  life  of  the  trucks  (for  example,  1975 
items  4,  8,  and  9,  table  E-37)  used  for  hauling  waste  to  the 
landfill  was  assumed.  In  the  conventional  case,  a useful 
life  of  5 years  was  assumed;  for  the  MIUS,  a useful  life  of 
7 years  was  assur.  d.  For  the  conventional  case,  all  waste 
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was  hauled  15  miles  to  the  landfill,  and,  for  the  HIUS,  only 
the  ash  was  hauled  15  miles  to  the  landfill.  The  assumption 
was  arbitrary,  although,  the  transport  capital  and  O&H  costs 
are  reduced  for  the  HIUS  service,  the  additional  cost  of  the 
heat  recovery  equipment  approximately  offsets  this  savings. 

Major  capital  cost  items  were  Dempster  Dumpster 
equipment,  satellite  collection  vehicles,  trucks  and 
trailers,  landfill  equipment,  incinerators,  building  gravity 
chutes,  and  compactor  containers.  The  OSH  costs  were  as 
follows, 

t 

9 1.  Fuel:  Fuel  was  costed  at  $1.02/10*  Btu  as  was  fuel 

for  the  electrical  powerplant.  This  assumption  was  used  for 
both  the  MIUS  and  the  conventional  system  costing. 

" a.  Satellite  vehicles:  3/4  gal/hr,  8 hr/day,  300 

a days/yr 

b.  Trucks:  3 gal/hr,  8 hr/day,  300  days/yr 

c.  Landfill  equipment:  same  as  for  trucks 

d.  Incinerators:  1,7  x 10*  Btu/ton  incinerated 

2.  Maintenance  materials  and  labor:  5 percent  of  the 

capital  value  of  the  equipment  per  year. 

3.  Operator  labor:  one  operator  per  mobile  vehicle  at 

$10  000/yr  total. 

4.  Electrical  power.:  10  kwh/ton  incinerated. 


HIUS  OPTION  I UTILITIES  AND  SEBVICES 


Two  concepts  for  providing  MIUS  services  to  the 
community  evolved  from  the  initial  study  planning.  In 
option  I,  there  are  29  separate  MIUS  installations.  A 
separate  HIUS  was  planned  for  each  of  21  neighborhoods,  7 
village  centers,  and  1 town  center.  Because  of  the  size  of 
each  MIUS,  portions  of  the  equipment  were  installed  at 
different  times,  particularly  with  regard  to  the  electrical 
power  equipment  and  all  distribution  and  collection 
equipment. 

MIUS  equipment  was  costed  by  subsystem  so  that  costs 
could  be  compared  to  conventional  utility  costs.  The 
subsystem  breakout  and  the  major  equipment  categories  for 
these  subsystems  are  summarized  as  follows. 
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Electrical  power: 

Generation 
Distribution 
Fuel  supply 
Water  supply: 

Source  supply  station  and  supply  line 
treatment 
Distribution 
Hot  water 
Wastewater: 

Collection 

Treatment 

Storage 

HVAC: 

Eefrigeration 

Heating 

Distribution  (hot  and  cold  water) 

Heat  rejection 
Solid  waste: 

Collection 
Transport 
Incineration 
Landfill 
control  system 
MIDS  housing 

Trenching  costs  were  also  considered  separately. 
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Individual  MIUS  installations  were  not  costed  as 
separate,  identifiable  systems  because  of  the  transient 
buildup  period  and  the  community  concept  with  its  required 
infrastructure.  However,  an  approximate  cost  summary  of  a 
neighborhood  BIOS  has  been  made  for  illustration  and  is 
included  in  table  E-38, 

Except  for  water  supply  treatment  plants,  wastewater 
treatment  plants,  and  some  historical  data  on  sewage 
collection  costs,  all  cost  data  were  taken  from  current  data 
sources.  Water  supply  treatment  and  wastewater  treatment 
plant  costs  were  developed  from  comparative  data  obtained 
from  numerous  operating  facilities  and  from  references  E-11 
to  E-13.  For  the  conventional  sewage  collection  system, 
information  was  also  obtained  from  the  cost  estimates  of  the 
Howard  Research  and  Development  corporation  for  Columbia, 

Hd.  (ref.  E~16).  All  historical  data  were  appropriately 
adjusted  to  reflect  1973  costs. 


HIUS  Option  I Electrical  Power  Subsystem 

The  option  I electrical  power  subsystem  consists  of  29 
separate  powerplants,  one  for  each  village  center,  one  for 
each  neighborhood,  and  one  for  the  town  center.  Each 
powerplant  was  installed  in  stages;  that  is,  after  the 
initial  installation,  additional  engine-generator  sets  and 
transformer  equipment  were  installed.  Hajor  items  of 
supporting  equipment  to  the  powerplants  are  the  electrical 
distribution  system  and  a central  fuel  storage  and  supply 
system.  Operator  personnel  costs  for  the  electrical  power 
subsystem,  control  subsystem,  HVAC,  and  hot-water  subsystem 
have  been  included  under  operating  costs  for  the  electrical 
power  subsystem. 

Capital  costs.-  A major  cost  item  of  the  electrical 
power  subsystem  is  the  engine-generator  sets  with  heat 
recovery  equipment  and  local  controls.  Each  engine- 
generator  set  for  the  village  center  and  neighborhood 
powerplants  is  rated  at  1750  kilowatts  and  was  costed  at 
$195/kW.  Each  engine-generator  set  for  the  town  center  is 
rated  at  4415  kilowatts  and  was  costed  at  $175/kH.  Costs 
for  these  items  were  based  on  a composite  of  data.  Other 
components  of  the  electrical  power  subsystem  were  costed  in 
detail  from  current  cost  data  references,  primarily  from 
references  E-2,  E-4,  and  E-5.  The  MIUS  building  costs  have 
been  included  under  a separate  section  as  have  the  trenching 
costs  for  the  electrical  distribution  system.  Trenching 
costs  for  electrical  distribution  are  a relatively  small 
cost  (approximately  20s2/ft)  . 
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gseful  life.-  A useful  life  of  32  years  was  assumed  for 
all  components  of  the  system  with  no  salvage  value  at  the 
end  of  this  time.  The  32-year  useful  life  was  determined 
for  the  conventional  power  system  and  was  based  on  a cost 
weighted  average  of  the  components  of  generation, 
transmission,  distribution,  and  general  plant.  No 
comparable  estimates  were  found  for  the  useful  life  of 
diesel  powerplants;  however,  the  data  in  reference  E-17 
indicate  that  some  powerplants  have  been  in  operation  for 
periods  in  excess  of  this.  The  useful-life  value  enters 
into  the  costs  only  in  the  unit  cost  values  of  mils/JcWh  and' 
in  the  escalated  and  discounted  cost  values. 

O&M  costs.-  Operator  costs  for  the  electrical  power 
subsystem,  control  subsystem,  HVAC,  and  hot-water  subsystem 
are  included  under  the  O&K  costs  for  electrical  power  and 
were  based  on  the  wages  for  a class  V technician  (ref.  E-9) 
with  fringe  benefits  and  appropriate  escalation  to  1973.  A 
total  of  70  operators  are  required  for  this  system  by  the 
end  of  1994.  The  no.  2 diesel  fuel  costs  were  taken  at 
$1.02/106  Btu  {approximately  14.3s2/gal  delivered). 
Maintenance  material  and  labor  costs  were  based  on  data  from 
reference  E-17.  The  1970-1971  data  were  escalated  to  yield 
mid-1973  values. 

The  cost  data  on  fuel  distribution  equipment  consisted 
of  required  fuel  storage  capabilities  (tanks) , distribution 
pipe  sizes,  and  pumps.  No  valves  for  the  distribution 
system  were  included,  and  only  the  fuel  storage  requirements 
of  the  central  storage  area  were  costed.  The  costs  of 
storage  tanks  for  the  individual  neighborhoods,  village 
centers,  and  the  town  center  were  included  in  the  electrical 
power  distribution  system  costs. 

The  baseline  requirement  for  the  central  storage  area 
was  a 10-day  storage  capacity  (approximately  2.2  x 10® 
gallons)  . The  central  storage  area  was  then  costed  as  four 
storage  tanks  45  feet  in  diameter  and  48  feet  in  height  with 
a capacity  of  approximately  571  000  gallons  each.  The  tanks 
were  added  to  the  central  storage  area  in  four  phases,  5 
years  apart,  beginning  in  1975. 

The  piping  required  for  the  fuel  distribution  system 
consists  of  a 2,5-inch-diameter  main  and  1,0-inch-diameter 
primary  and  secondary  branches.  The  pipes  were  coated  with 
three  layers  of  tar  and  were  buried  36  inches  in  the  ground. 
The  pipes  for  the  distribution  system  were  installed  at  the 
rate  of  1/18  of  the  total  per  year  for  the  first  18  years. 
The  fuel  distribution  system  was  completely  installed  at  18 
years  rather  than  the  20  years  of  community  development. 

The  pumps  for  the  fuel  distribution  equipment  consisted  of 
three  15-horsepower  pumps  for  the  main  pipeline  system. 


eigliteen  2-h.orsepover  pumps  for  the  HIUS  options  I and  II, 
and  twenty-one  1 -horsepower  pumps  for  the  UIOS  option  I 
only.  Ml  the  pumps  for  each  village  area  were  installed  in 
the  first  year  of  construction  on  a particular  area.  The 
major  cost  items  for  the  fuel  distribution  equipment  are  as 
follows. 


Item 


Fuel  storage  tanks 

(including  foundation) 

Pumps  (1  to  15  hp) 

piping  (1-  to  2.5-inch  diameter) 


Unit  cost, 

1973  $ 

33  000.00  ea. 

646.00  to  1563.00  ea. 
0.95  to  2.12  per  ft. 


The  results  of  the  costing  study  and  detailed 
information  on  the  equipment  for  this  subsystem  are  included 
in  tables  E-39  to  S-44. 


HIUS  Option  I Water  Supply  Subsystem 

The  same  basic  assumptions  were  made  for  the  HIUS  water 
supply  subsystem  as  for  the  conventional  system.  Water  was 
obtained  from  a natural  source  located  15  miles  from  the 
community.  Raw  water  was  pumped  to  the  community  for  local 
treatment.  Except  for  the  water  treatment  plants,  all  cost 
data  were  taken  from  current  cost  data  (refs.  E-2  to  E-5) . 
The  water-treatment-plant  capital  and  O&H  costs  were  based 
on  historical  data  and  were  escalated  appropriately  to 
obtain  1973  costs. 

A major  difference  between  the  HIUS  and  the  conventional 
system  water  supply  costs  resulted  from  the  reduced 
requirements  of  the  HIUS  community.  Engineering  estimates 
indicated  that  a 48-inch  supply  line  was  required  for  the 
conventional  community,  whereas  a 42-inch  supply  line  was 
required  for  the  reduced  HIUS  requirements.  This  results  in 
an  approximate  difference  of  $6  000  000  in  the  cost  of  these 
supply  lines.  However,  the  added  cost  was  not  reflected  in 
the  conventional  system,  so  that  the  supply  cost  to  the 
community  would  be  the  same. 

Local  distribution  piping  for  the  HIUS  community  ranged 
in  size  from  1-1/2  inches  in  diameter  to  42  inches  in 
diameter.  For  pipe  sizes  6 inches  and  less,  it  was  assumed 
that  plastic  pipe  would  be  used.  A 50-year  useful  life  for 
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this  piping  was  assumed  according  to  the  manufacturer *s 
recommendation. 

No  elevated  storage  tanks  were  used  for  the  ttitjs 
distribution.  This  concept  required  continuous  operation  of 
pumps  for  head  pressure.  Fire  protection  water  was  assumed 
to  be  from  treated  wastewater  stored  in  ponds  rather  than 
from  the  fresh  water  supply.  Fire  hydrants  were  omitted 
from  both  the  HIOS  and  the  conventional  system  costing. 

Treatment  plants  were  installed  in  four  stages  as  the 
requirements  of  the  community  increased.  Three  h x 10® 
gal/day  capacity  plants  were  assumed  and  one  2 x 10®  gal/day 
capacity  plant  ' s assumed  for  a total  capacity  of  14  x 10® 
gal/day  at  the  end  of  the  20-year  study  period.  Capital  and 
O&M  costs  for  the  treatment  plants  were  based  on  references 
E-18  and  E-19.  Tables  E-45  to  E-48  provide  the  costing 
results  for  the  MIDS  option  I water  supply  subsystem  and 
provide  detailed  cost  data  on  the  equipment. 


MIUS  Option  I Hot-Water  Subsystem 

The  HIOS  option  I hot-water  subsystem  was  identical  to 
the  conventional  system  for  the  single-family  dwelling. 
Hot-water  equipment  for  the  townhouses,  garden  apartments, 
high-rise  apartments,  commercial  buildings,  and  community 
buildings  was  similar  to  that  for  the  conventional  system 
except  that  water-to- water  heat  exchangers  were  used  in 
place  of  oil-fired  burners.  The  quantity  of  hot  water  in 
both  cases  was  the  same.  The  same  hot-water  system  was  used 
for  both  HIOS  options.  The  major  items  costed  for  the  hot- 
water  subsystem  included  heat  exchangers,  circulating  pumps, 
insulated  storage  tanks,  thermostatic  controls,  and 
individual  dwelling  unit  hot-water  heaters. 

Tables  E-49  to  E-52  give  the  results  of  the  hot-water 
costing  study  and  include  information  on  details  of  the 
costing . 


MIDS  option  I Wastewater  Subsystem 

The  HIUS  option  I wastewater  subsystem  is  composed  of  a 
conventional  gravity  sewer  collection  system  (with  lift 
stations)  and  wastewater  treatment  plants.  Effluent  from 
the  treatment  plants  was  put  into  ponds  located  throughout 
the  community  to  be  used  for  fire  protection.  A wastewater 
subsystem  was  included  in  each  of  the  29  MIUS  installations. 
Tables  E-53  to  E-56  give  the  results  of  MIUS  option  I 
costing  and  provide  details  on  elements  of  the  cost. 
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The  collection  system  included  concrete  sewer  pipe  in 
diameters  ranging  from  6 to  24  inches.  Manholes  and  lift 
stations  comprised  the  balance  of  the  capital  equipment 
costed.  Because  of  the  assumed  flat  terrain,  more  lift 
stations  were  included  than  would  be  found  in  a typical 
gravity  sewer  system. 

Capital  costs  for  the  collection  system  were  based,  in 
part,  on  the  Howard  Research  and  Development  Corporation 
data  (ref.  E-16).  These  costs  were  escalated  to  mid-1973 
costs  through  use  of  the  sewer  construction  cost  index  given 
in  reference  E-20  for  the  Baltimore,  Hd.,  area.  Because 
this  index  was  available  only  through  mid-1970,  the  average 
increase  per  year  over  a 10-year  period  was  also  used  to 
adjust  the  costs  from  raid-1970  to  mid-1973.  An  increase  in 
sewer  system  cost  from  1966  to  1973  of  32  percent  resulted 
from  this  analysis.  The  OSM  labor  costs  for  the  collection 
system  were  assumed  to  be  one-fourth  the  treatment  plant  OSH 
labor  costs.  A useful  life  of  75  years  was  assumed  for  the 
collection  equipment  based  on  data  given  in  reference  E-18. 

The  original  component  data  on  the  collection  equipment 
were  modified  subsequent  to  the  initial  costing,  and  the 
modifications  were  specified,  in  part,  as  additions  and 
deletions  to  the  original  configuration.  The  cost 
variations,  in  both  cases,  were  absorbed  in  the  first  year; 
and,  in  table  E-55,  they  are  titled  as  additive  and 
subtractive  deltas  without  further  identification  of  the 
location  of  the  specific  pieces  of  pipe  added  or  deleted. 

The  algebraic  sura  of  the  component  values  in  table  E-55 
yields  the  correct  annual  capital  cost  data. 


MIUS  Option  I HVAC  Subsystem 

As  for  the  conventional  HVAC  equipment,  the  MIUS  option 
I HVAC  equipment  is  unique  to  each  building.  The  3-ton  heat 
pumps  for  the  single-family  dwelling  units  are  the  major 
common  item.  The  commercial,  community,  and  high-density 
dwelling  unit  buildings  are  all  supplied  with  hot  and 
chilled  water  from  the  central  HIUS  building.  Some 
differences  in  building  HVAC  equipment  that  should  have  been 
common  to  the  conventional  system  and  both  HIHS  options  will 
be  o'bserved  in  detailed  study  of  the  data.  This  occurred 
because  the  equipment  for  the  different  concepts  was 
specified  at  different  times  in  the  study.  However,  the 
variations  are  not  sufficient  to  change  the  conclusions  of 
the  study. 

For  option  I,  each  neighborhood  HIUS  provides  1644  tons 
of  air-conditioning;  each  village  center  HIUS  provides  5670 
tons,  and  the  town  center  HIUS  provides  17  800  tons  when 
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completely  installed.  As  in  the  conventional  system 
costing,  maintenance  factors  were  used  to  permit  mair  inance 
of  the  equipment  in  like~new  condition. 

An  assessment  of  the  piping  cost  for  providing  hot  and 
chilled  water  to  the  single-family  dwellings  was  also 
conducted.  A summary  of  the  results  is  given  in  a 
subsequent  section  of  this  appendix.  Tables  E-57  to  E-60 
provide  the  costing  results  for  the  HIUS  option  I HVAC 
equipment  and  provide  detailed  cost  data  on  components  of 
the  system. 


H10S  Solid-Waste  Subsystem 

The  MIUS  solid-waste  subsystem  includes  the  local 
collection  and  transport  equipment,  the  incinerators  with  « 

heat  recovery  equipment  located  at  the  town  center  and  at  c 

each  village  center,  the  transport  equipment  for  hauling  the 
incinerator  residue  to  an  offsite  landfill  area,  and  the 
landfill  equipment.  Tables  E-61  to  E-63  provide  costing 
results  for  the  HIDS  solid-waste  equipment  and  provide 
detailed  cost  data  on  components  of  the  system.  For  the 
conventional  and  MIUS  solid-waste  equipment,  a difference  in 
useful  life  of  the  trucks  (for  example,  1975  items  4,  8,  and 
9,  table  E-37)  used  for  hauling  waste  to  the  landfill  was 
assumed.  In  the  conventional  case,  a useful  life  of  5 years 
was  assumed;  for  the  MIUS,  a useful  life  of  7 years  was 
assumed.  For  the  conventional  case,  all  waste  was  hauled  15 
miles  to  the  landfill,  and,  for  the  MIUS,  only  the  ash  was 
hauled  15  miles  to  the  landfill.  The  assumption  was 
arbitrary.  The  primary  difference  between  the  conventional 
and  the  HIUS  solid-waste  system  is  in  the  location  of  the 
incinerators  and  the  addition  of  heat  recovery  equipment  to 
the  MIUS  incinerators.  Although  the  HIUS  transport  capital 
and  OSH  costs  are  reduced  by  incineration  of  the  material 
onsite,  this  savings  is  approximately  offset  by  the  addition 
of  the  heat  recovery  equipment.  , 

The  same  solid-waste  subsystem  was  used  for  bonh  HIUS 
options.  The  incineration  and  heat  recovery  functions  were 
accomplished  at  the  village  centers  and  town  center  only, 
rather  than  locating  incinerators  at  each  neighborhood  MIUS. 

This  resulted  in  a total  of  eight  incinerator  facilities  for 
the  community  in  each  concept.  The  HIUS  facilities  required 
one  additional  incinerator  over  the  requirements  of  the 
conventional  system.  Uo  credit  was  taken  for  the  recovered 
energy  except  in  a direct  cost  comparison  of  the  solid-waste 
disposal  costs,  because  this  saving  is  reflected  in  reduced 
fuel  and  electrical  power  requirements  for  the  total  HIUS 
services. 
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The  major  capital  cost  items  were  Dempster  Dumpster 
equipment,  satellite  collection  vehicles,  trucks  and 
trailers,  landfill  equipment,  incinerators  Hith  heat 
recovery  equipment,  building  gravity  chutes,  and  compactor 
containers.  Useful  life  for  the  equipment  is  given  in  table 
E-63.  The  O&H  costs  were  as  follows. 

1.  Fuel:  Fuel  was  costed  at  $1.02/10®  Btu,  as  was  fuel 

for  the  electrical  powerplant.  This  assumption  was  used  for 
both  the  Bins  and  the  conventional  system  costing. 

a.  Satellite  vehicles:  3/4  gal/hr,  8 hr/day,  300 

days/yr 

b.  Trucks;  3 gal/hr,  8 hr/day,  300  days/yr 

c.  Landfill  equipment;  Same  as  for  trucks 

d.  Incinerator  fuel:  1.7  x 10®  Btu/ton  incinerated 

2.  Maintenance  materials  and  labor:  5 percent  of  the 

capital  value  of  the  equipment  per  year 

3.  Operator  labor;  one  operator  per  mobile  vehicle  at 
$10  000/yr  total 

4.  Electrical  power:  10  kHh/ton  incinerated 


HIUS  Option  I Monitor  and  Control  Subsystem 

The  central  control  .subsystem  for  both  HIUS  options  was 
defined  and  costed  as  described  in  reference  E-21.  Tables 
E-64  and  E-65  provide  the  costing  information  in  a format 
consistent  with  the  other  portions  of  this  study. 


HIUS  Option  I Buildings 

The  HIUS  option  I housing  consists  of  a building  in  each 
village  center,  one  in  each  neighborhood,  and  one  in  the 
town  center.  In  addition,  a separate  building  was  costed 
for  the  central  potable  water  supply  area,  which  contains 
laboratory  space,  storage,  administration,  and  shop  areas. 
The  building  specif ications  were  as  follows. 
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Bl’ilding 


Specifications 


Town  center: 


Size,  ft 140  by  164  by  25  high 

Floor  area,  ft^ 22  960 

Volume,  ft3 574  000 

Village  center: 

Size,  ft 77  by  126  by  25  high 

Floor  area,  fts 9702 

Volume,  ft3 242  550 

Neighborhood: 

Size,  ft  . . 63  by  73  by  20  high 

Floor  area,  ft^ 4599 

Volume,  ft^ 91  980 


Water  plant  size,  ft  ...  . 120  by  200  by  15  high 


All  buildings  were  costed  at  $14.26/ft2  floor  area  plus 
15^/f.t^  v;all  area  for  stone-finished,  tilt-up  concrete 
walls.  These  values  were  based  on  the  1973  Dodge  Building 
Cost  Data  (ref.  E-3)  for  warehouse  and  office  building 
construction  of  good  quality.  The  Dodge  values  are 
unadjusted  for  regional  location.  The  Dodge  reference 
describes  this  construction  as  follows. 

Structure. - Reinforced  concrete  foundation,  footings, 
walls,  and  slabs.  Exterior  walls:  all  perimeter  walls 

brick  and  block.  Office  walls:  brick  and  block  or  curtain 

wall  panels  of  plate  glass,  aluminum  extrusions,  porcelain 
enamel  panels,  or  precast  aggregate  finish  wall  panels. 
Interior  structural  framing:  grid  layout,  structural  steel 

framing  of  columns  and  beams.  Roof  structure:  steel  bar, 

open  web  joists,  metal  deck.  Buildup  roof  and  insulation. 
Office  area  finished  with  resilient  flooring,  ceramic  tile 
toilets,  suspended  acoustical  ceilings. 

Plumbing. - Two  toilets  for  office  area,  toilet  and 
locker  room  for  warehouse.  Water  coolers,  utility  and 
service  sinks. 

Heatinq/ventilatiqn. - Rooftop  combination  heating  and 
air-conditioning  units,  gas-  or  oil-fired  furnace  or 
electric  baseboard  heating  system  for  office  area. 

Suspended  unit  heaters  in  warehouse. 


Electrical. - Combination  fluorescent  and  incandescent 
lighting  system/  open  strip  in  warehouse,  built-in  panels 
set  into  suspended  ceilings  in  office  complete  with 
diffusers.  Fire  alarm  system. 

Special,  ^feature.  - Sprinkle  system  in  all  areas. 

Tables  E-66  and  E-67  provide  the  costing  information  in  a 
format  consistent  with  other  portions  of  the  study. 


HI0S  Option  I Utility  Trenching 

Several  studies  were  conducted  to  compare  the  costs  of 
various  trenching  combinations  for  the  HIUS  utilities;  i.e,, 
potable  water,  fire  water  distribution,  HVAC,  sewer,  and 
electrical.  The  studies  included  the  following  items, 

1.  Common  trench  for  potable  water  and  sewer;  all  other 
utilities  separate 

2.  Common  trench  for  potable  water,  HVAC,  vacuum  sewer, 
and  electrical;  fire  water  distribution  separate 

3.  Common  trench  for  potable  water,  HVAC,  fire  water 
distribution,  and  electrical;  gravity  sewer  separate 

4.  Utility  tunnels 

The  trenches  were  assumed  to  be  flat  bottomed  and  dug  in 
soil  with  a side-slope  ratio  of  1/2  to  1,  horizontal  to 
vertical.  The  tunnel  was  a reinforced  concrete  structure 
placed  in  the  same  type  of  soil. 

An  analysis  of  the  costs  for  the  various  trenches  showed 
that  tunneling  was  the  most  expensive  method  by  a factor  of 
about  5 over  simple  trenching.  The  analysis  also  showed 
that  burying  the  various  utilities  in  separate  trenches  was 
more  expensive  for  all  conditions  except  for  very  large  pipe 
sizes.  Finally,  it  was  concluded  that  the  fire  water 
distribution  pipe  should  be  buried  in  the  common  trench 
where  possible,  and  the  vacuum  sewer  system  should  be  used 
if  the  system  is  cost  acceptable. 

The  determination  of  the  total  utility  trenching  costs 
for  the  HIUS  community  was  completed  by  assuming  an  average 
depth  trench  for  the  three  areas  of  the  community 
(neighborhoods,  village  centers,  and  central  business 
district) . The  trenching  costs  represent  costs  for 
excavation,  backfilling,  compaction,  and  removal  of  some  of 
the  excess  material.  The  differences  in  the  total  trenching 
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costs  for  the  two  HIUS  options  were  due  to  the  different 
amounts  of  trenching  required. 

The  HIOS  option  I cominon  trenching  costs  are  as  follows. 

Neighborhood  (no  HVAC)  : Electrical  distribution, 

potable  water,  and  fire  protection  water.  Cost;  36  800 
feet  of  5-foot“deep  trenching,  2-1/2  feet  wide  at  the 
bottom,  at  $3, 45/ft. 

Village  center:  Electrical  distribution,  potable  water, 

fire  protection  water,  and  HVflC,  Cost:  4750  feet  of  6- 

foot-deep  trenching,  8-1/2  feet  wide  at  the  bottom,  at 
$4. 30/ft. 

Town  center:  Electrical  distribution,  potable  water, 

fire  protection  water,  and  HVAC.  Cost;  12  250  feet  of  6- 
foot-deep  trenching,  13-1/2  feet  wide  at  the  bottom,  at 
$5. 30/ft. 

Wastewater  lines  were  put  into  a separate  trench  for 
option  I utilities.  For  the  wastewater  piping,  a baseline 
system  was  devised,  and  the  variations  in  pipe  sizes  were 
specified  as  additive  or  subtractive  to  this  configuration. 
Tables  E-68  to  E-70  provide  the  results  of  the  trenching 
costing  and  additional  detail  on  these  costs.  The  annual 
capital  outlays  for  wastewater  trenching  are  given  in  table 
E-69.  Table  E-70  illustrates  the  method  used  to  arrive  at 
the  trenching  costs  for  this  subsystem. 


MIUS  OPTION  II  UTILITIES  AND  SERVICES 


The  HIUS  option  II  concept  provided  for  eight  HIUS 
installations,  one  serving  each  village  complex  (a  village 
center  and  three  neighborhoods)  and  one  serving  the  town 
center.  Consistent  with  the  conventional  and  HIUS  option  I 
concepts,  water  was  obtained  from  a natural  source  located 
15  miles  from  the  community,  and  residual  solid  waste  was 
disposed  of  by  landfill  outside  the  community.  Disposal  of 
excess  treated  wastewater  was  not  costed.  Domestic  hot- 
water  equipment  and  solid-waste  disposal  equipment  was 
identical  for  both  HIUS  options  and  has  been  included  with 
the  option  I data. 

Because  of  the  new-community  concept  with  all  the 
required  infrastructure  for  supporting  utilities 
distribution  and  because  of  the  transient  buildup  plan  of 
the  community,  separate  identifiable  HIUS  costs  were  not 
used.  Approximate  costs  for  a HIUS  serving  a village  center 
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and  three  neighborhoods  have  been  compiled  and  are  presented 
in  table  E-71. 


HIUS  Option  II  Electrical  Power  Subsystem 

The  BIOS  option  II  electrical  power  subsystem  for  the 
community  study  consisted  of  eight  separate  powerplants#  one 
serving  each  village  complex  (a  village  center  and  three 
neighborhoods)  and  one  serving  the  town  center.  Bach  of 
these  powerplants  was  installed  in  stages;  that  is,  after 
the  initial  installation,  additional  engine-generator  sets 
and  transformer  equipment  were  installed.  Major  items  of 
supporting  equipment  to  the  powerplants  were  the  electrical 
distribution  subsystem  and  a central  fuel  storage  and  supply 
subsystem.  Operator  personnel  costs  for  the  electrical 
power  subsystem,  control  subsystem,  HVAC,  and  hot-water 
subsystem  have  been  included  under  operating  costs  for  the 
electrical  power  subsystem. 

Capital  costs.-  A major  cost  item  of  the  electrical 
power  subsystem  is  the  engine- generator  sets  with  heat 
recovery  equipment  and  local  controls.  Cost  of  these  items 
was  based  on  a composite  of  data  and  was  taken  at  $175/kH 
installed  for  each  of  the  4415-kilowatt  engine-generator 
sets.  Other  components  of  the  electrical  power  subsystem 
were  costed  in  detail  from  current  cost  data  (refs.  E-2,  E- 
4,  and  E-5.  The  MIUS  building  costs  have  been  included 
under  a separate  section  as  have  the  trenching  costs  for  the 
electrical  distribution  subsystem.  Trenching  costs  for 
electrical  distribution  are  relatively  small  (approximately 
20<2/ft). 

Useful  life.-  A useful  life  of  32  years  was  assumed  for 
all  components  of  the  subsystem  vfith  no  salvage  value  at  the 
end  of  this  time.  The  32-year  useful  life  was  determined 
for  the  conventional  power  system  and  was  based  on  a cost 
weighted  average  of  the  components  of  generation, 
transmission,  distribution,  and  general  plant  facilities. 

No  comparable  estimates  were  found  for  the  useful  life  of 
diesel  powerplants;  however,  data  from  reference  E-17 
indicate  that  some  powerplants  have  been  in  operation  for 
periods  in  excess  of  this.  The  useful-life  value  enters 
into  the  costs  only  in  the  unit  cost  values  of  mils/kWh  and 
in  the  escalated  and  discounted  cost  values. 

OSM  costs . - Operator  costs  for  the  electrical  power 
subsystem,  control  subsystem,  HVAC,  and  hot-water  subsystem 
are  included  under  the  O&M  costs  for  electrical  power  and 
were  based  on  the  wages  for  a class  V technician  as  reported 
by  the  Bureau  of  Labor  for  1971  (ref.  E-9) . Fringe  benefits 
were  added  and  this  estimate  was  escalated  to  1973  costs.  A 


total  of  64  operators  are  required  for  this  system  by  the 
end  of  1994.  The  no.  2 diesel  fuel  costs  were  taken  at 
$1.02/10^  Btu  (approximately  14.30/gal  delivered). 
Maintenance  material  and  labor  costs  were  based  on  data, from 
reference  17.  The  1970-1971  data  were  escalated  to  yield 
mid- 1973  values.  Table  E-43,  under  option  I costing,  gives 
the  maintenance  data  that  were  used. 

The  fuel  distribution  subsystem  for  HIUS  option  II  was 
similar  to  that  for  option  I.  Results  of  the  costing  study 
and  detailed  information  on  the  equipment  for  this  subsystem 
are  included  in  tables  E-72  to  E-76. 


MIUS  Option  II  Water  Supply  Subsystem 

as  for  the  conventional  and  the  MIUS  option  I water 
supply  costing,  the  supply  was  assumed  to  be  from  a natural 
source  located  15  miles  from  the  community.  Raw  water  was 
pumped  through  a 42-inch-diaraeter  cast  iron  pipeline  to  the 
community  for  local  treatment.  A single-supply  pumping 
station  was  assumed  with  pumps  being  added  as  the  needs  of 
the  community  increased. 

Eight  treatment  plants  were  assumed,  each  with  a 
capacity  of  1.675  x 10®  gal/day.  These  plants  were 
installed  as  the  community  requirements  increased,  providing 
a total  capacity  of  13.4  x 10®  gal/day  at  the  end  of  the 
community  buildup  period.  Capital  and  O&M  costs  for  the 
treatment  plants  were  developed  from  comparative  data 
obtained  from  numerous  operating  facilities  and  references 
E-11  to  E-13. 

The  distribution  system  piping  ranged  in  diameter  from 
42  to  1-1/2  inches.  All  distribution  piping  greater  than  6 
inches  was  assumed  to  be  cast  iron,  and  6-inch  and  smaller 
piping  was  assumed  to  be  plastic.  A 100-year  useful  life 
was  assumed  for  the  cast  iron  and  50  years  was  assumed  for 
the  plastic  piping  according  to  the  manufacturers' 
recommendation.  A useful  life  of  30  years  for  all  other 
equipment  was  assumed.  No  elevated  storage  was  assumed  for 
this  system,  and  continuously  operating  pumps  were  used  to 
provide  head  pressure  for  distribution.  Eire  protection 
water  was  assumed  to  be  from  treated  wastewater  stored  in 
seven  ponds  and  in  the  town  center  lakes.  Tables  E-77  to  E- 
79  provide  the  costing  results  for  the  HIUS  option  II  water 
supply  subsystem  and  provide  detailed  cost  data  on  the 
equipment . 
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ElIUS  Option  II  Hot-Water  Subsystem 


Identical  hot-water  subsystem  equipment  was  assumed  for 
option  I and  option  II  costing. 


HIUS  Option  II  Wastewater  Subsystem 

The  HIUS  option  II  wastewater  subsystem  is  composed  of  a 
conventional  gravity  sewer  collection  system  {with  lift 
stations)  and  wastewater  treatment  plants.  Effluent  from 
the  treatment  plants  was  put  into  ponds  located  throughout 
the  community  to  be  used  for  irrigation  and  fire  protection. 
A wastewater  treatment  plant  with  a capacity  of  1.675  x 10® 
gal/day  was  included  in  each  of  the  eight  HIUS 
installations.  Treatment  plant  capital  and  O&H  costs  were 
developed  using  references  E-11  to  E-13,  E-16,  E-19,  E-20, 
and  E-22  to  E-24.  A useful  life  of  30  years  was  assumed  for 
the  treatment  plants.  The  conventional  gravity  collection 
sewer  system  included  concrete  sewer  pipe  in  sizes  from  8 to 
24  inches,  lift  stations  at  each  of  the  eight  treatment 
plants  as  well  as  at  other  low  points  in  the  system,  and 
manholes. 

Tables  E-80  to  E-84  provide  the  results  and  additional 
data  on  costs  of  the  HIUS  option  II  wastewater  subsystem. 

The  original  component  data  on  the  collection  equipment  were 
modified  subsequent  to  the  initial  costing,  and  the 
modifications  were  specified,  in  part,  as  additions  and 
deletions  to  the  original  configuration.  These  cost 
variations,  in  both  cases,  were  absorbed  in  the  first  year 
and  are  titled  in  table  E-82  as  additive  and  subtractive 
deltas  without  further  identification  of  the  location  of 
specific  pieces  of  pipe  added  or  deleted.  The  algebraic  sum 
of  the  component  values  in  table  E-82  yields  the  correct 
annual  capital  cost  data. 


HIUS  Option  II  HVAC  Subsystem 

The  HIUS  option  II  costing  was  accomplished  in  the  same 
manner  as  the  conventional  equipment  and  option  I costing. 
The  town  center  equipment  and  parameters  were  the  same  for 
both  options,  and  details  of  this  equipment  are  given  in 
table  E-60.  The  major  difference  in  the  option  I and  option 
II  concepts  is  in  the  village  center/neighborhood  complex 
equipment  and  in  the  variations  in  hot-  and  chilled-water 
distribution  piping.  Tables  E-85  to  E-88  provide  the 
results  of  the  option  ll  HVAC  costing  and  provide  additional 
details  on  the  equipment. 


HIDS  Option  II  Solia-Waste  Subsystem 

The  MIOS  option  II  solid-waste  subsystem  was  identical 
to  that  of  option  I. 


MIUS  Option  II  Monitoring  and  Control  Subsystem 

The  MIUS  option  II  control  subsystem  was  designed  and 
costed,  and  details  of  this  equipment  are  given  in  reference 
E-21.  Tables  E-89  and  E-90  provide  the  costing  results  in  a 
format  consistent  with  other  portions  of  the  study. 


MIUS  Option  II  Buildings 

The  MIUS  option  II  housing  consists  of  a building  in 
each  village  center/neighborhood  complex  and  one  building  in 
the  town  center.  Building  specifications  were  as  follows. 


Building  Specifications 

Town  center: 

Size,  ft  .......  . 160  by  164  by  25  high 

Floor  area,  ft^  ....  26  240 

Volume,  ft3  ......  656  000 

Village  center/ 
neighborhood: 

Size,  ft  . . 150  by  162  by  25  high 


Floor  area,  fts  ....  24  300 

Volume,  ft^ 607  500 


All  buildings  were  costed  at  $14.26/ft2  floor  area  plus 
750/ft2  wall  area  for  stone-finished,  tilt-up  concrete 
walls.  These  values  were  based  on  the  1973  Dodge  Building 
Cost  Guide  (ref,  E-3)  for  warehouse  and  office  building 
construction  of  good  quality.  The  Dodge  values  are 
unadjusted  for  regional  location-  (The  type  of  construction 
for  these  costs  is  described  in  the  section  of  this  appendix 
entitled  ”HIUS  Option  I Buildings.”)  Tables  E-91  and  E-92 
provide  the  HIUS  building  costs  in  a format  consistent  with 
other  portions  of  this  study. 


HIUS  Option  II  Utility  Trenching 


Several  studies  were  conducted  to  compare  the  costs  of 
various  trenching  combinations  for  the  MIUS  utilities;  i*e., 
potable  water,  fire  water  distribution,  HVAC,  sewer,  and 
electrical.  (The  studies  are  described  in  the  section  of 
this  appendix  entitled  "HIUS  Option  I Utility  Trenching.") 
Details  and  the  average  values  used  for  the  common  trenching 
are  as  follows  for  the  village  center/neighborhood  complex 
and  the  town  center. 

Neighborhood  (no  HVAC)  : Electrical  distribution, 

potable  water,  and  fire  protection  water.  Cost;  35  250 
feet  of  5-foot“deep  trench,  2-1/2  feet  wide  at  the  bottom, 
at  $3. 45/ft. 

Village  center:  Electrical  distribution,  potable  water, 

fire  protection  water,  and  HVAC.  Cost;  11  610  feet  of  6- 
foot“deep  trench,  8-1/2  feet  wide  at  the  bottom,  at 
$4. 30/ft . 

Town  center;  Electrical  distribution,  potable  water, 
fire  protection  water,  and  HVAC.  Cost;  12  250  feet  of  6- 
foot-deep  trench,  13-1/2  feet  wide  at  the  bottom,  at 
$5. 30/ft. 

Wastewater  trenching  was  costed  separately,  and,  for 
both  HIUS  options,  it  was  based  on  variations  in  pipe  sizes 
and  runs  from  the  conventional  system  layout.  The  results 
of  the  trenching  costing  and  additional  details  on  the  costs 
are  presented  in  tables  E-93  to  E-95.  Table  E-94  gives  the 
total  annual  wastewater  trenching  costs,  and  table  E-95 
illustrates  the  manner  in  which  these  costs  were  derived. 


CONVENTIONAL  ELECTfilCAL  POWER  GENERATION  COST  COMPARISON 
FOR  CENTRAL  PLANTS  USING  DIFFERENT  FUELS 


The  data  presented  in  this  section  relate  to  central 
powerplants  put  into  operation  in  the  United  States  in 
recent  years;  they  illustrate  the  wide  variations  in  many 
capital  and  O&H  cost  parameters  that  affect  the  cost  of 
electrical  power.  The  data  support  the  selection  of  the 
Homer  City,  Pa.,  coal-burning  plant  as  a basis  for  costing 
conventional  electrical  power  in  that  all  costs  related  to 
that  system  are  typical  and  do  not  bias  the  results 
presented  as  conventional  power  costs.  Figures  E-3  and  E-4 
summarize  the  variations  in  capital  and  O&M  costs  for 
central  station  powerplants.  Tables  E-96  and  E-97  show  the 
detailed  data  displayed  in  the  figures.  All  data  were  taken 
from  references  E-25  and  E-26. 
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CENTRAL  HVAC  COSTS  FOE  NEIGHBORHOOD  SINGLE-FAHILY  DWELLINGS 


Subsequent  to  the  design  and  cost  evaluation  of  the  HIDS 
options  I and  II  community  concepts,  an  evaluation  was  made 
for  the  equipment  capital  cost  of  providing  hot  and  chilled 
water  to  the  single-family  dwelling  units  of  the  community 
for  space-heating  and  air-conditioning.  Each  neighborhood 
of  the  community  was  planned  as  having  713  single-family 
dwelling  units,  each  equipped  with  an  individual  3-ton- 
capacity  electrically  powered  air-conditioner  for  the 
conventional  concept  and  for  both  HIUS  concepts.  In  the 
cost  analysis  presented  here,  it  was  assumed  that  these  c 

units  were  replaced  with  a four-pipe  two-valve  heat  „ 

exchanger  system  with  the  energy  supply  being  from  a central 
station  chilled-  and  hot- water  supply.  The  capital  cost  of 
this  equipment  was  approximately  twice  that  of  the 
individual  dwelling  unit  air-conditioners;  however,  over  a 
period  of  20  years,  this  outlay  was  largely  offset  by  o 

reduced  maintenance  cost. 

Balanced  energy  loads  were  developed  for  the  community 
as  presented  in  the  preceding  sections  of  this  document; 
therefore,  no  excess  energy  was  available  to  support  this 
concept.  Tables  E-98  to  E-101  provide  details  on  this 
study. 


HIOS  OPTION  II  VACUUM  SEWER  SYSTEM 


A special  study  was  conducted  concerning  the  option  II 
HIUS  in  which  the  conventional  gravity-feed  sewer  system  was 
replaced  with  a vacuum  sewer  system.  The  cost  totals  were 
obtained  by  using  the  information  supplied  by  Colt 
Industries. 1 Two  possible  vacuum  systems  were  considered; 
one  using  vacuum  toilets  and  the  second  using  conventional 
toilets.  The  two  systems  were  considered  so  that  the  amount  < 

of  water  savings  possible  with  a vacuum  toilet  system  could  ^ 

be  determined.  Table  E-102  shows  the  cost  total  for  the 
vacuum  systems  according  to  Colt  Industries  specifications. 

The  totals  include  an  additional  9750  feet  of  12-inch  PVC 
pipe  for  the  town  center  forced  mains  with  vacuum  toilets 
and  19  500  feet  of  12-inch  PVC  pipe  for  the  forced  mains  in 
the  town  center  with  the  conventional  toilet  system.  To 
maintain  a consistency  with  the  cost  totals  for  other 
systems,  the  costs  were  deleted  for  the  pipe  connecting  the 
street  mains  with  the  individual  single-family  dwellings  in 
the  neighborhoods. 


1 Personal  communication,  Colt  Industries,  Beloit,  His., 
1973. 
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TABLE  E-1.-  COST  COMPARISON  OF  CONVENTIONAL  AND  MIOS  UTILITIES  AND  SERVICES 


Cost  factor 

Conventional 

MIUS  option  I 

MIUS  option  II 

Total  capital  outlay, 

1975-94,  1973  $ 

266  981  000 

256  781  000 

239  067  000 

Total  fuel  cost, 

1975-94,  1973  

155  660  000 

100  609  000 

100  328  000 

Total  operation  and 

maintenance  (O&M)  cost, 

1975-94,  1973  $2 . 

162  235  000 

189  379  000 

157  944  000 

Total  outlay, 

1975-94,  1973  $ 

584  876  000 

546  769  000 

497  339  000 

Escalated  and  discounted  outlay, 
1975-94,  1975  $3  

237  199  000 

225  145  000 

205  832  000 

Escalated  and  discounted  outlay, 
1975-94,  1975  

398  151  000 

326  422  000 

306  666  000 

iDiesel  fuel  for  electrxcal  power  only. 

^Excluding  fuel  for  electrical  power, 

3Fuel  escalated  at  5 percent/yr,  all  other  items  at  3 percent/yr;  discounted 
at  15  percent/yr  to  Jan.  1575. 

'^Fuel  escalated  at  15  percent/yr,  all  other  items  at  3 percent/yr;  discounted 
at  15  percent/yr  to  Jan.  1975. 


TABLE  E-2.-  VAHIATION  IH  CONVSNTIOHAL  ELECTRICAL  PORER  COST  WITH  TYPE  OF  FUEL 


Cost  factor 

Conventional 

diesel 

Conventional 
fuel  oil 

Conventional 

coal 

HIOS  option  I 
diesel 

HIOS  option  II 
diesel 

Service  delivered, 

1975-9a,  kdb  

1.344x10»o 

1.344x10*0 

1.344x10*0 

1 .077x10*“ 

1,074x10*0 

Capital  outlay, 

1975-94,  1973  $ 

118  310  COO 

118  310  000 

118  310  000 

68  205  000 

66  452  000 

Fuel, 

1975-94,  1973  $ 

155  660  000 

125  139  000 

72  794  000 

100  609  000 

100  328  000 

06B,  excluding  fuel, 

1975-94,  1973  $ 

50  809  000 

50  809  000 

50  809  000 

65  812  000 

64  047  000 

Total  outlay, 

1975-94,  1973  $ 

324  779  000 

294  258  000 

241  913  000 

234  626  OOQ 

230  827  000 

Escalated  and  discounted 
outlay,  1975-94, 

1975  $1  

124  114  000 

113  294  000 

94  737  000 

86  050  000 

84  886  000 

06H  cost/kHh,  excluding 

fuel,  1973  aills  

3.78 

3,78 

3.78 

6.11 

5,96 

Total  cost/IcRh, 

1973  sills  

24.16 

21.89 

18.00 

21.80 

21.48 

Total  cost/kHh, 

less  plant  residual 

value,  1 973  mills  

18.31 

16.04 

12.15 

17.61 

17.42 

ipuel  escalated  at  5 p6rcent/yr,  all  other  items  at  3 percent/yr;  discounted  at  15  percent/yr  to  Jan.  1975. 


TABLE  E-3,-  SYSTEM,  SUBSYSTEM  COST  COMPABISORi 
[Total  cash  outlay  1975-94,  1973  $] 


Cost  factor 

Conventional 

BIOS 

Option  I 

MIDS 

Option  II 

Electrical  power  2^^ 

324 

779 

ooc 

234 

626 

000 

230 

827 

000 

Water  supply 

63 

219 

000 

42 

721 

coo 

44 

704 

000 

Hot  water 

11 

499 

000 

6 

423 

000 

6 

423 

000 

Wastewater 

57 

830 

000 

88 

311 

000 

51 

115 

000 

Heating,  ventilation,  and  air-conditioning  (hVac) 

91 

385 

000 

97 

606 

ooc 

1C1 

571 

000 

Solid  waste 

36 

164 

000 

36 

391 

000 

36 

391 

000 

Control  system 

(4) 

26 

218 

000 

12 

867 

000 

HIUS  buildings 

(4} 

4 

004 

000 

3 

628 

000 

Trenching 

(4) 

10 

301 

000 

9 

813 

000 

Totals 

584 

876 

000 

546 

601 

ooc 

497 

339 

000 

ipuel  costs  are  included  in  the  costs  for  each  system/subsysteui. 

^Diesel  fuel. 

^Electrical  power  costs  for  the  subsystems  were  not  assigned  to  the  subsystems  but  to 
"electrical  power.'' 

♦These  costs  are  included  in  the  system  costs. 


TABLE  E-4.-  ELECTRICAL  POWER  COST  COHPARISOlTi 


Cost  factor 

Conventional 

HIDS  option  I 

HIUS  option  II 

Service  delivered. 

1975-94,  kWh  

1.344x1010 

1,077x1010 

1,074x1010 

Capital  outlay. 

1975-94,  1973  $ 

118  310  000 

68  205  000 

66  452  000 

Fuel, 

j 

1975-94,  1973  

155  660  000 

100  609  000 

100  328  000 

OSH,  excluding  fuel. 

1975-94,  1973  $ 

50  809  000 

65  812  000 

64  047  000 

Total  outlay. 

1975-94,  1973  $ 

324  779  000 

234  626  000 

230  827  000 

Escalated  and  discounted 

outlay,  1975-94,  1975  $3  ^ 

124  111  000 

86  050  000 

84  888  000 

OSH  cost/kWh,  excluding  fuel. 

1973  mills  

3.78  1 

i 

6.11 

5.  96 

Total  cost /kWh, 

1973  mills  

18.31  ; 

17,61 

17.  42 

1 Electrical  power  costs  for  the  subsystems  were  not  assigned  to  the  subsystems 
but  to  "electrical  power," 

^Diesel  fuel  at  $1.02/10&  Btu. 

^Fuel  escalated  at  5 percent/yr,  all  other  items  at  3 percent/yr;  discounted  at 
15  percent/yr  to  Jan.  1975. 


TABLE  E-5.-  RATER  SapPLY  COST  COHPAHISONi 


Cost  factor 

Conventional 

ai0S  option  I 

MIDS  option  II 

Service  delivered, 

1975-94,  gal  

101.135x109 

53.480x109 

53.480x109 

Capital  outlay, 

1975-94,  1973  $ 

53  731  000 

36  103  000 

37  508  000 

OSM  costs, 

1975-94,  1973  $ 

9 483  000 

6 618  000 

7 196  000 

Total  outlay, 

1975-94,  1973  $ 

63  219  000 

42  721  000 

44  704  000 

Escalated  and  discounted  outlay, 
1975-94,  $2  

38  831  000 

29  371  000 

30  265  000 

Cost/1000  gal, 

1973  0 

19.4 

26.7 

29.0 

^Electrical  power  costs  for  the  subsystems  were  not  assigned  to  the  subsystems 
but  to  "electrical  power." 

2Fuel  escalated  at  5 percent/yr,  all  other  items  at  3 perceut/yr;  discounted 
at  15  percent/yr  to  Jan.  1975. 


o 


O 
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TilBLE  E-6.-  HOT-WaTER  COST  COMPARISON! 


Cost  factor 

Conventional 

MIDS  options  I and  II 

Service  delivered, 

1975-94,  gal  

13.839x109 

13.839x109 

Capital  outlay, 

1975-94,  1973  $ 

6 076  000 

4 211  000 

OSH  cost, 

1975-94,  1973  $ 

5 423  000 

2 212  000 

Total  outlay, 

1975-94,  1973  $ 

11  499  000 

6 423  000 

Escalated  and  discounted  outlay, 
1975-94,  1975  $2  

4 437  000 

2 531  000 

Cost/1000  gal, 

1973  (S3 

39.2 

16.0 

ifiaintenani- * labor,  materials,  and  fuel;  no  electricxty. 
Electrical  power  costs  for  the  subsystems  were  not  assigned  to  the 
subsystems  but  to  "electrical  power." 

apuel  escalated  at  5 percent/yr,  all  other  items  at  3 percent/yr 
discounted  at  15  percent/yr  to  Jan.  1975, 

3Cost  of  water  is  included  under  water  supply. 


TABLE  E-7.-  WASTEHATEE  COST  COHPARISONi 


Cost  factor 

Conventional 

BIOS  option  I 

HIUS  option  II 

Service  delivered, 

1975-94,  gal  

48,791x109 

48.791x109 

48.791x109 

Capital  outlay, 

1975-94,  1973  $ 

34  866  000 

47  105  000 

30  021  000 

O&H  costs, 

1975-94,  1973  $ 

22  964  000 

41  206  000 

21  094  000 

Total  outlay, 

1975-94,  1973  $ 

57  830  000 

88  311  000 

51  115  000 

Escalated  and  discounted  outlay, 
1975-94,  1975  $2  

24  847  000 

35  992  000 

22  168  000 

Cost/1000  gal, 

1973  0 . . . 

68-5 

116.9 

62,7 

lElectrical  power  costs  for  the  subsystems  were  not  assigned  to  the  subsystems 
but  to  "electrical  power. " 

sFuel  e>^:calated  at  5 percent/yr,  all  other  items  at  3 percent/yr;  discounted  at 
15  percent/yr  to  Jan.  1975- 


TABLE  E-8 


HVAC  COST  COMPARISON^ 


Cost  factor 

Conventional 

MIUS 

option  I 

MIUS 

option  II 

Available  capacity, 

1994,  tons  

136 

962 

137 

102 

131 

488 

Capital  outlay, 

1975-94,  1973  $ 

44 

271 

000 

65 

876 

000 

71 

379 

000 

06M  costs, 

1975-94,  1973  $ 

247 

114 

000 

31 

730 

000 

30 

192 

000 

Total  outlay, 

1975-94,  1973  $ 

91 

385 

000 

97 

606 

000 

101 

571 

000 

Escalated  and  discounted  outlay, 
1975-94,  1975  $3  

33 

158 

000 

41 

317 

000 

41 

796 

000 

Cost/ton  of  air-conditioning, 

1973  $ 

324 

480 

542 

^Electrical  power  costs  for  the  subsystems  were  not  assigned  to  the  subsystems 
but  to  '‘electrical  power.” 

SRaintenance  and  fuel  costs;  no  electrical  cost. 

3Fuel  escalated  at  5 percent/yr,  all  other  items  at  3 percent/yr;  discounted 
at  15  percent/yr  to  Jan.  1975. 


TABLE  E-9.“  SOLI.D-HASTE  DISPOSAL  COST  COHPAEISOWi 


Cost  factor 

Conventional 

HIUS  options  I and  II 

Total  service  delivered, 

1975-94tf  tons  .....  

1 . 530x10* 

1. 530x10* 

Capital  outlay, 

1973  $ . . . 

9 727  000 

10  461  000 

OSH  costs, 

1975-94,  1973  $ . . . . 

26  437  000 

25  930  000 

Total  outlay, 

1975-94,  1973  $ . . . 

36  164  000 

36  391  000 

Escalated  and  discounted  outlay, 
1975-94,  1975  $2  

11  812  000 

11  992  000 

Cost/ton, 

1975-94,  1973  $ 

20.83 

20,41 

Value  of  energy  recovered  per  ton, 
1973  $3  

0 

7.  68 

Net  cost  per  ton, 

1973  $3  

20.83 

12.73 

lElectrical  power  costs  for  the  subsystems  were  not  assigned  to 
the  subsystems  but  to  "electrical  power." 

^Fuel  escalated  at  5 percent/yr,  all  other  items  at  3 percent/yr; 
discounted  at  15  percent/yr  to  Jan.  1975. 

^Credit  taken  for  recovered  energy  at  $1.02/10*  Btu.  This  credit 
is  realized  in  reduced  fuel  supplied  to  the  HIOS  and  is  separated  here 
for  illustration  only. 


TABLE  B-10.-  VARIATION  IN  ELECTRICAL  POWER  COST  WITH  FOEL’TYPE  PLANT  AND  FUEL 


Cost  factor 

Nuclear 

Conventional 

Conventional 

HIUS  option  I 

HIUS  option  II 

i Fuel  o'il/gas 

Coal 

diesel 

diesel 

Service  delivered. 

1975-94,  kWh  

1.344x10»o 

1.344x1010 

1.344x1010 

1.077x1010 

1.074x1010 

Capital  outlay. 

1973-94,  1973  I . . . 

175  514  000 

110  210  000 

119  810  000 

68  205  000 

66  452  000 

Fuel, 

1975-94,  1973  $ , . . 

29  250  000 

M24  100  000 

67  100  000 

100  609  000 

100  328  000 

OSH,  excluding  fuel. 

1975-94,  1973  $ . . . 

49  200  000 

45  200  000 

50  400  000 

65  812  000 

64  047  000 

Total  outlay. 

1 

1975-94,  1973  S ... 

253  964  000 

279  510  000  j 

237  310  000 

234  626  000 

230  627  000 

06H  cost/kwh,  excluding  \ 

fuel,  1973  mills  . . . ! 

3.66 

3.36 

3.74 

6.11 

5.96 

Total  cost/kHh, 

1 

1973  millsz 

18.86 

20.76 

..  J 

19.63 

21.80 

21.45 

*Fuel  Oil. 

2no  credit  taken  for  equipment  residual  value  at  the  end  of  20  years. 
See  system/subsystem  comparison  for  those  values. 
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TABLE  EXAMPLE  OF  DISCOUNTED  CASH  ANALYSIS  PROGRAM  OUTPUT 

FUEL  COST  IS  1G2.00  CENTS  PER  t<BTU/  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  HADE  9/  A/73 


O.  C.  F-  ANALYSIS  FOR 

COWyENTIONAL  ELEGTiilCAL  POWER  <9/4/73  > 

COST  FLOW  TABLE 
(ALL  COSTS  IN  5 X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL 


Escalated  values  to 
^the  Indicated  year 

PRESENT  CUMULATIVE 


YEAH 

COST 

COST 

COST 

COST y 

VALUE 

P.V.COST 

1975 

5.841 

0.204 

0.665 

6.710 

6.597 

6.597 

1976 

6.589 

0.482 

1 .594 

8.665 

7.300 

13.897 

1977 

11.449 

0.886 

2.994 

15.331 

1 1 .209 

25.106 

1978 

6 .040 

1 .294 

4.455 

1 1 .789 

7.258 

32*364 

1979 

4. 179 

1 .524 

5.339 

1 1.042 

5.802 

38.166 

I960 

8.956 

1 »928 

6*902 

17.786 

8.270 

46.436 

1981 

7.274 

2.223 

8.102 

17.599 

7.026 

53*462 

1982 

7.137 

2.553 

9.470 

19.161 

6.614 

60.076 

1983 

10.835 

3.168 

12.090 

26.112 

7. 885 

67  .961 

1984 

6.367 

3.61  1 

13.921 

23.900 

6.144 

74, ICS 

1985 

4.990 

3.905 

15.366 

24.263 

5.376 

79.481 

1986 

10.811 

4.455 

17.673 

33,139 

6.497 

85.978 

1987 

10.833 

4.873 

19.933 

35.639 

6.656 

92  * 034 

1988 

4 .985 

5.379 

22.421 

32.766 

4.739 

96.773 

1989 

12.456 

5.987 

25.436 

43.878 

5.622 

102.395 

1990 

7.438 

6.534 

28.279 

42.250 

4.634 

107.030 

1991 

7.150 

6.937 

30.621 

44.708 

4.254 

1 1 1 .284 

1992 

15.757 

7.B5S 

35.345 

58.957 

4.955 

116.239 

1993 

10  .082 

8.472 

36.874 

57.423 

4.141 

122.360 

1994 

8.338 

9.062 

42.429 

59.649 

3.733 

124.113 

(Values  indicated  by 
arrows  were  used  in 
summary  data  for 
presentation) 


COST  TOTALS  FOR  THE  20  YEAR  PERIOD  FROM  1975  TO  J 994 


1973  PRICES 
NOW-DISCOUNTED 


ESCALATED  PRICES 
NON-DISCOUNTED 


ESCALATED  PRICES 
DISCCUN7ED'  TO  1975 


CAPITAL  ECUIP.  118.310>*^  167.508  54.917-^ 

LESS  RESID.  VALUE  78.627  120.012  7-333 

NET  CAPITAL  COSTS  39.683  47.496  47.534 

COSTS  FOR  FUEL  155.660'“^  342.111  55.183' 

OTHER  OP.  COSTS  0.000  0.000  0.000 

MAINTENANCE  COSTS  50.809-^  81.374  14.014- 

TOTAL  COSTS  246.152  470.981  g U6.781 

CUMULATIVE  SERVICE  DELIVERED  = 13.44180  X 10^  KWH 

, (mills/kW) 

AVERAGE  UNIT  COSTS.FOR  THE  20  YEAR  PERIOD  FROM  1975  TO  1994 


1973  PRICES 
NON-DISCOUNTED 


ESCALATED  PRICES  ESCALATED  PRICES 
NON-DISCOUNTED  DISCOUNTED  TO  1975 


a 


4 


■O 


CAPITAL  ECUIP.  . 

8.802 

12.462 

4.066 

LESS  RESID.  VALUE 

5.049 

8.928 

0.546 

NET  CAPITAL  COSTS 

2.952 

3.533 

3*540 

COSTS  FOR  FUEL 

1 1.580 

25.451 

4.105 

OTHER  OP.  COSTS 

0 .000 

0.000 

0 .000 

MAINTENANCE  COSTS 

3.780-^ 

6.054 

1 .043 

TOTAL  COSTS 

f 18.312  ) 

35.039 

8*688 

Use  of  this  value  reflects  use  of  system  useful  life  and 
accounts  for  system  residual  value  at  the  end  of  the 
study  period* 


ORIGINAI/  PAGE  IS 
OP  POOR  QUALITY 
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TABLE  E-12.-  COST  DATA  FOE  COHVEJITIONAL  ELECTRICAL 


POWER  SYSTEM 


Item 

Unit  cost, 
1973  $ 

Major  capital  cost  items 

Powerplanti  (replacement  cost) , 

$/kW  .....  

184.40 

Transmission^  (replacement  cost) , 

$/kW  . 

61,00 

General  plant®  (replacement  cost) , 

$/kW 

14.70 

Distribution  system: 

500-MCH  wire,  installed,  $/ft  . 

3.58 

1/0  ground  wire,  installed,  $/ft  

1.26 

55-kVA  transformers,  installed,  $/ea 

1120.00 

88^kVA  transformers,  installed,  $/ea 

1450.00 

800-kW  switchgear,  installed,  $/ea 

3460.00 

O&H  costs 

Fuel : 

No.  2 diesel,  $/^0^  Btu  

1.02 

No.  6 fuel  oil,  $/10®  Btu  

.82 

Coal,  $/10&  Btu  

.477 

Other: 

Generation,  mills/kWh  

1.21 

Transmission,  mills/kWh  

.32 

Distribution,  mills/kHh  

2.25 

iBased  on  the  Homer  City,  Pa.,  1319-MW  plant. 
^Based  on  the  East  Central  Power  Region  grid. 
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TABLE  E-13.-  CONVENTIONAL  ELECTRICAL  POWER  SYSTEM 
(DCF  PROGRAM  OUTPUT) 

(a)  Diesel  fuel  with  escalation  ratio  of  5 percent 


FUEL  COST  IS  102.00  CENTS  PER  MBTU#  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  MADE  9/  A/73 

D.  C.  F.  ANALYSIS  FOR 

CONVENTIONAL  ELECTRICAL  POWER  <9/4/73) 

COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 


INVESTMENT 

MAINTENANCE  OPERATIONS 

TOTAL 

PRESENT 

CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.V.COST 

1975 

5.841 

0.204 

0 

.665 

6.710 

6.597 

6.597 

1976 

6.589 

0.482 

1 

.594 

8.665 

7.300 

13.897 

1977 

11.449 

0.868 

2 

.994 

15-331 

11.209 

25.106 

1978 

6.040 

1 .294 

4 

.455 

1 1 .789 

7.258 

32.364 

1979 

4.179 

1 .524 

5 

.339 

1 1 .042 

5.802 

38.166 

1980 

8.956 

1 .928 

6 

.902 

17.786 

8.270 

46.436 

1981 

7.274 

2.223 

8 

.102 

17.599 

7.026 

53.462 

1982 

7.137 

2.553 

9 

.470 

19.161 

6.614 

60  .076 

1983 

10.835 

3.188 

12 

.090 

26.112 

7.885 

67.961 

1964 

6.367 

3.61  1 

13 

.921 

23.900 

6.144 

74.105 

1985 

4.990 

3.905 

15 

.368 

24.263 

5.376 

79.461 

1966 

10.81 1 

4.455 

17 

.873 

33.139 

6.497 

85.978 

1987 

10.833 

4.873 

19 

.933 

35.639 

6.056 

92.034 

1968 

4.985 

5.379 

22 

.421 

32.786 

4.739 

96.773 

1989 

12.456 

5.987 

25 

.436 

43.878 

5.622 

102.395 

1990 

7.438 

6.534 

28 

.279 

42.250 

4.634 

107.030 

1991 

7.150 

6.937 

30 

.621 

44.708 

4.254 

1 1 1 .284 

1992 

15.757 

7. 855 

35 

.345 

56.957 

4.955 

116.239 

1993 

10.082 

8.472 

38 

.874 

57.428 

4-141 

120.350 

1994 

8*336 

9.082 

42 

.429 

59.849 

3.733 

124.113 

COST  TOTALS  FOR  THE  20 

YEAR  period  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED 

NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

118.310 

167.503 

54.917 

LESS  i 

RE5ID.  VALUE 

78.627 

120.012 

7.333 

NET  CAPITAL  COSTS 

39.683 

47.496 

47.584 

COSTS 

FOR  FUEL 

155.660 

342.1 1 1 

55.183 

OTHER 

OP.  COSTS 

0 .000 

0.000 

0.000 

MAINTENANCE  COSTS 

50.809 

81.374 

14.014 

TOTAL 

COSTS 

246.152 

470.981 

116.781 

CUMULATIVE  SERVICE  DELIVERED  = 

13 

.44160 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCO^NTED 

NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

8.802 

12.462 

4.086 

LESS  RESID.  VALUE 

5.849 

8.923 

0*546 

NET  CAPITAL  COSTS 

2.952 

3,533 

3.540 

COSTS 

FOR  FUEL 

11.580 

25.451 

4.105 

OTHER 

OP.  COSTS 

0 .000 

0.000 

0 .000 

MAINTENANCE  COSTS 

3.780 

6.054 

1 .043 

TOTAL 

COSTS 

16.312 

35.039 

8.688 
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TABLE  E-13.-  Continued 


(b)  Diesel  fuel  with  escalation  ratio  of  15  percent 

FUEL  cost  IS  102.00  CENTS  PER  NBTUr  WITH  ESCALATION  RATIO  0.150 
THIS  RUN  MADE  9/  4/73 


D.  C.  F.  ANALYSIS  FOR 

CONVENTIONAL  ELECTRICAL  POWER  C9/4/731 


COST  FLOW  TABLE 
tALL  COSTS  IN  E X 10E6J 


INVESTMENT 

MAINTENANCE 

OPERATIONS 

TOTAL 

PRESENT  CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.V.COST 

1975 

S.841 

0.204 

0.873 

6.919 

6.778 

6.778 

1976 

6.589 

0.482 

2.294 

9.365 

7.829 

•14.607 

1977 

1 1 .449 

0.888 

4.719 

17.055 

12.343 

26.950 

1978 

6.040 

1 .294 

7.689 

15.023 

9.108 

36.056 

1979 

4.179 

1 *524 

10.093 

15.796 

Bvl65 

44.223 

1980 

6.956 

1 .928 

14.291 

25.174 

1 1 .464 

55.688 

1981 

7.274 

2.223 

18.372 

27.869 

10.867 

66.575 

1982 

7.137 

2.553 

23.S21 

33.211 

11.207 

77.782 

1983 

10.835 

3.188 

32.886 

46.908 

13.796 

91  .578 

1984 

6.367 

3-11 

41  .475 

51.454 

12.955 

104.533 

1985 

4.990 

3.905 

50.144 

59  .039 

12.851 

117.364 

1986 

i0.su 

4.455 

63.872 

79.138 

15.095 

132.478 

1987 

10.833 

4.873 

78.016 

93.725 

15*497 

147.975 

1988 

4.905 

5.379 

96.116 

106*480 

15.154 

163.130 

1989 

12.456 

5.98  7 

119.424 

137.867 

17.173 

180.302 

1990 

7.438 

6‘.534 

145.417 

159. 388 

17.152 

197.454 

1991 

7.150 

6.937 

172.455 

186*542 

17.434 

214.889 

1992 

15.757 

7. 855 

218.022 

241 .634 

19.716 

234.605 

1993 

10.082 

6.472 

262.626 

281.161 

19.B64 

254.466 

1994 

6*338 

9.062 

313.944 

331.364 

20.323 

274.791 

COST  TOTALS  FOR  THE  20  YEAR  PERIOD  FROM  1975  TO  1994 


1973  PRICES 
NON-DISCOUNT ED 


ESCALATED  PRICES  ESCALATED  PRICES 
NON-DISCOUNTED  DISCOUNTED  TO  197S 


CAPITAL  EQUIP. 
LESS  RES ID.  VALUE 
NET  CAPITAL  COSTS 
COSTS  FOR  FUEL 
OTHER  OP.  COSTS 
MAINTENANCE  COSTS 
TOTAL  COSTS 


t 18.310 
7B.627 
39.683 
155.660 
0.000 
50.809 
246.152 


CUMULATIVE  SERVICE  DELIVERED  = 


167*508 
120.012 
47.496 
1676.253 
0.000 
81 .374 
1805.123 
13.44180 


54.917 
7.333 
47.584 
205.661 
0 .000 
14.014 
267.459 


AVERAGE  UNIT  COSTS  FOR  THE  20  YEAR  PERIOD  FROM  1975  TO  1994 


1973  PRICES  ESCALATED  PRICES  ESCALATED  PRICES 
NON-DISCOUNTED  NON-DISCOUNTED  DISCOUNTED  TO  1975 


CAPITAL  EQUIP. 

8.802 

12.462 

4.086 

LESS  RES  ID.  VALUE 

5.849 

S.928 

0.546 

MET  CAPITAL  COSTS 

2.952 

3.533 

3.540 

COSTS  FOR  FUEL 

n .580 

IE4.704 

15.315 

OTHER  OP.  COSTS 

0 .000 

0 . 000 

0*000 

MAINTENANCE  COSTS 

3.780 

6.054 

1.043 

TOTAL  COSTS 

18.312 

134.292 

19.698 
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TABLE  E-13.-  Continued 


(c)  Fuel  oil  at  82<J  per  million  Btu 


FUEL 

COST  IS  83. 

00  CENTS  PER  MBTU#  WITH  ESCALATION 

RATIO  0 

.050 

THIS 

RUN  MADE  9/ 

4/73 

0.  c* 

F.  ANALYSIS 

FOR 

CONVENTIONAL  ELECTRICAL  POWER  (9/4/73) 

COST  FLOW  TABLE 

(ALL  COSTS 

IN  S X 

10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS 

TOTAL  1 

PRESENT  1 

CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.V.COST 

1975 

5.841 

0 .304 

0.534 

6.560 

6.464 

6.484 

1976 

6. 589 

0.4B2 

1 .363 

8.353 

7.063 

13.547 

1977 

11.449 

0.888 

3.407 

14.744 

10.823 

24.370 

1978 

6.040 

1 .394 

3.561 

10.915 

6.759 

31.129 

1979 

4.179 

1 .534 

4.393 

9.995 

5.281 

36.410 

1980 

8.956 

1 .938 

5.549 

16.433 

7.6B5 

44.095 

1981 

7.S74 

3.223 

6.513 

16.010 

6.429 

50.534 

198S 

7.137 

2.553 

7.613 

17.304 

6.007 

56.531 

1983 

10.835 

3.188 

9.719 

23.743 

7.211 

63.742 

1984 

6.367 

3.611 

11.193 

21.171 

5.469 

69.211 

1985 

4.990 

3.905 

13.354 

21 .249 

4.728 

73.939 

1986 

10.811 

4.455 

14.368 

29.634 

5.642 

79.781 

1987 

10.B33 

4.873 

16.024 

31  .731 

5.431 

85.303 

1988 

4.9B5 

5.379 

18 .025 

28.339 

4.1  18 

69.321 

1989 

13.456 

5.987 

20.448 

38.691 

5.009 

94.3)0 

1990 

7 .4  38 

6.534 

23.734 

36.706 

4.042 

98.371 

1991 

7.15B 

6.937 

24.617 

38.704 

3.696 

102.0^8 

1993 

15.757 

7.855 

38.415 

53.026 

4.395 

100.463 

1993 

10.082 

8.472 

31.252 

49.805 

3 . 606 

110.068 

1994 

B.338 

9.083 

34.110 

51  .530 

3.225 

113.293 

COST  TOTALS  FOR  THE  S0 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICER 

NON-DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

118.310 

167.508 

54.917 

LESS 

RES  ID.  VALUE 

78.627 

130.0130 

7.333 

NET  CAPITAL  COSTS 

39.683 

47.496 

47.584 

COSTS 

FOR  FUEL 

135.139 

275.030 

44.363 

OTHER 

OP.  COSTS 

0 .000 

0.00 

0 . 000 

MAINTENANCE  COSTS 

50.609 

81.374 

14.014 

TOTAL 

COSTS 

315 .671 

403.900 

105.961 

CUMULATIVE  SERVICE  DELIVERED  = 

13 

.44180 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FBOH 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

8.803 

12.463 

4 .086 

LESS  : 

RES  ID.  VALUE 

5.849 

8.926 

0 .546 

NET  CAPITAL  COSTS 

2.952 

3.533 

3.540 

COSTS 

FOR  FUEL 

9.310 

30  .4  6 1 

3.300 

OTHER 

OP.  COSTS 

0.000 

0.000 

0 .000 

MAINTENANCE  COSTS 

3.780 

6.054 

1 .043 

TOTAL 

COSTS 

16.043 

30.046 

7.663 

TABLE  E-13.-  Concluded 


(d)  Coal  at  47. 7?  per  million  Btu 


FUEL  COST  IS  47.70  CENTS  PER  «BTU.  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  MADE  9/  4/73 

D.  C.  F.  ANALYSIS  FOR 

CONVENTIONAL  ELECTRICAL  POWER  (9/4/73> 

COST  FLOW  TABLE 
(ALL  COSTS  IN  S X 10E6> 


INtESTMENT  MAINTENANCE  OPERATIONS 

TOTAL  PRESENT  CUMULATIVE 

YEAH 

COST 

COST 

COST 

COST 

VALUE 

P.V.COST 

1975 

S.B41 

0.204 

0.311 

6.357 

6.289 

6.269 

1976 

6.589 

0.482 

0.746 

7.816 

6.658 

12.947 

1977 

11.449 

0.888 

1 .400 

13.737 

10.161 

23.18 

1978 

6.040 

1 .294 

2.083 

9.417 

5*902 

29*011 

1979 

4.179 

1 .524 

2.497 

8.200 

4.388 

33.399 

I960 

8.956 

1 .923 

3.228 

14.112 

6.662 

40.081 

1981 

7.274 

2.223 

3.769 

13.286 

5.405 

45.4F6 

1982 

7.137 

2.553 

4.429 

14.119 

4.966 

50.45i 

1983 

10.835 

3.188 

5.654 

19.676 

6.0SS 

56-507 

1984 

6.367 

3.611 

6.510 

16.409 

4.312 

60-819 

1955 

4.990 

3.905 

7.187 

16.082 

3.618 

64  .436 

1986 

10.811 

4-455 

6.358 

23.624 

4.719 

69.155 

1987 

10.833 

4.873 

9.321 

25.028 

4.332 

73.487 

1938 

4.985 

5.379 

10.485 

20.850 

3.052 

76.539 

1989 

12.456 

5.987 

1 1 .695 

30.337 

3.958 

80.497 

1990 

7.438 

6 .534 

13.224 

27.196 

3.026 

83.522 

1991 

7.150 

6.937 

14.320 

28.407 

2.739 

86*262 

1992 

15.757 

7.855 

16.529 

40.141 

3.435 

89.696 

1993 

10.082 

8.472 

18.179 

36.733 

2.687 

92.384 

1994 

8.338 

9.082 

19.842 

37.262 

2.353 

94.737 

COST  TOTALS  FOR  IHE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCOUNTED 

discounted  to  1975 

CAPITAL  EQUIP. 

U8.310 

167.508 

54.917 

LESS  RES ID.  VALUE 

78.627 

120.012 

7.333 

NET  CAPITAL  COSTS 

39.683 

47.496 

47.584 

COSTS 

FOR  FUEL 

72 .794 

159.987 

25.806 

OTHER 

OP.  COSTS 

0.000 

0 .000 

0 .000 

MAINTENANCE  COSTS 

50.809 

81.374 

14.014 

TOTAL 

COSTS 

163.286 

288.857 

87.404 

CUMULATIVE  SERVICE  DELIVERED  = 

13 

.44180 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAH 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

8.802 

12*462 

4.086 

LESS  RES  ID.  VALUE 

5.849 

8.928 

0.546 

NET  CAPITAL  COSTS 

2.952 

3.533 

3.540 

COSTS 

FOR  FUEL 

5.415 

1 1 .902 

1 .920 

OTHER 

OP.  COSTS 

0 .000 

0.000 

0.000 

MAINTENANCE  COSTS 

3.780 

6.054 

1 .043 

TOTAL 

COSTS 

12.148 

21  .489 

6.502 
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TABLE  E-14.-  COHTEHTIOHaL  ELECTBICAL  PO0BB  SISTEfl 
(IHPUTS  TO  DCF  PBOGHAH) 

Purchased  capacity  based  on  6 percent  above  2-sigiaa  peak 

kilowatt  requireaent 


Year 

Capital, 
1973  $ 
(1) 

Fuel,  Btu 
(2) 

Other  O&H, 
1973  $ 
(3) 

Service 

delivered, 

k0h 

1975 

5. 506X10& 

56.3x1010 

0. 187x10® 

0, 0496x109 

1976 

6.030 

128.6 

.428 

.1132 

1977 

10.172 

230.0 

.766 

.2026 

1978 

5-210 

325.9 

1.084 

.2868 

1979 

3.500 

372 

1.239 

.3279 

1980 

7.282 

458 

1.522 

.4030 

1981 

5-742 

512 

1 .704 

.4510 

1982 

5,470 

570 

1.900 

.5025 

1983 

8.062 

693 

2.303 

.6100 

1984 

4.600 

760 

2.533 

.6700 

1985 

3.500 

799 

2.659 

.7041 

1986 

7.362 

885 

2.945 

.7795 

1987 

7.162 

940 

3.128 

. 0274 

1988 

3.200 

1007 

3.352 

.8865 

1989 

7,762 

1088 

3.622 

. 9587 

1990 

4.500 

1 152 

3.838 

1.0149 

1991 

4.200 

1188 

3.956 

1.0471 

1992 

8.986 

1306 

4.349 

1.1500 

1993 

5.582 

1368 

4-554 

1.2049 

1994 

4.482 

1422 

4.740 

1.2521 

I A useful  life  of  32  years  was  assumed  for  all 
electrical  equipment. 

^Based  on  11  360  Btu/kWh . 

^Based  on  3.78  mills/kWh. 
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TJLBLB  E-15.-  C0B7EHTI0H&L  BL2CTEICAI.  PO0EB  SYSTEH  (SHBOAL  CiPIT&L  OGTL&ISJ 


' - 1 

Year 

Description 

(1) 

Hajor  component 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  $ 

1975 

Poverplant 

4.62x100 

One-third  of  distribution. 

.886 

5.506x100 

Tillage  &,  neighborhoods  1,  2,  3 

1976 

Poaerplant 

5.11 

one-third  of  distribution. 

.882 

village  A,  neighborhoods  1,  2,  3 

Town  center 

.038 

6.030 

1977 

Powerplant 

8.59 

one-third  of  distribution. 

.882 

village  neighborhoods  1,  2,  3 

One-fourth  of  distribution. 

.662 

village  B,  neighborhoods  1,  2,  3 

Town  center 

.038 

10. 172 

1978 

Powerplant 

4.51 

One-fourth  of  distribution. 

.662 

village  B,  neighborhoods  1,  2,  3 

Town  center 

.038 

5.210 

1979 

Powerplant 

2.80 

One-fourth  of  distribution. 

.662 

village  B,  neighborhoods  1,2,  3 

Town  center 

.038 

3.500 

1980 

Powerplant 

5.92 

One-fourth  of  distribution. 

.662 

village  B,  neighborhoods  1,  2,  3 

One-fourth  of  distribution. 

.662 

village  C,  neighborhoods  1,2,  3 

Town  center 

.038 

7.282 

1981 

Powerplant 

5.08 

One-fourth  of  distribution. 

.662 

5.742 

village  c,  neighborhoods  1,  2,  3 

1982 

Powerplant 

4.77 

One-fourth  of  distribution. 

.662 

village  C,  neighborhoods  1,  2,  3 

Town  center 

.038 

5.  470 

1983 

Powerplant 

6.70 

One-fourth  of  distribution, 

.662 

village  C,  neighborhoods  1,  2,  3 

One-fourth  of  distribution. 

.662 

village  D,  neighborhoods  1,  2,  3 

Town  center 

.038 

8.  062 

1984 

Powerplant 

3.90 

One-fourth  of  distribution. 

.662 

village  D,  neighborhoods  1,  2,  3 

Town  center 

.038 

4.  600 

iThe  entry  "powerplant"  includes  generation,  transaission,  and 
general  plant. 
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Table  B-15.-  COEClnded 


Tear 

Description 

(1) 

Bajor  coaponent 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  S 

1985 

Powerplant 

2.80*10'^ 

One-fourth  of  distribution. 

.662 

village  D,  neighborhoods  1,  2,  3 

Town  center 

.038 

3,500x10* 

1986 

Powerplant 

6.00 

One-fourth  of  distribution. 

.662 

village  E,  neighborhoods  1,  2,  3 

One-fourth  of  distribution. 

.662 

village  D,  neighborhoods  1,2,  3 

Town  center 

.038 

7,362 

1987 

Powerplant 

5.50 

one-fourth  of  distribution. 

.662 

6.  162 

village  E,  neighborhoods  1,  2,  3 

1988 

Powerplant 

2.50 

one-fourth  of  distribution. 

.662 

village  E,  neighborhoods  1,  2,  3 

Town  center 

.038 

3.200 

1989 

Powerplant 

6.40 

One-fourth  of  distribution. 

.662 

village  S,  neighborhoods  1,  2,  3 

one-fourth  of  distribution. 

.662 

village  F,  neighborhoods  1,  2,  3 

Town  center 

.038 

7,  762 

1990 

Powerplant 

3.80 

One- fourth  of  distribution. 

.662 

village  P,  neighborhoods  1,  2,  3 

Town  center 

,038 

4.  500 

1991 

Powerplant 

3.50 

One-fourth  of  distribution. 

.662 

village  F,  neighborhoods  1,2,  3 

Town  center 

.038 

4.200 

1992 

Powerplant 

7.40 

One-fourth  of  distribution. 

.662 

village  F,  neighborhoods  1,  2,  3 

One-third  of  distribution. 

.886 

village  G,  neighborhoods  1,  2,  3 

Town  center 

.038 

S.  986 

1993 

Powerplant 

4.70 

One-third  of  distribution. 

.882 

5.  582 

village  G,  neighborhoods  1,  2,  3 

1994 

Powerplant 

3.60 

one-third  of  distribution. 

.882 

4,482 

village  G,  neighborhoods  1,  2,  3 

»The  entry  "powerplant"  inclades  generatioHf  transHission,  and 
general  plant. 
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TABLE  E-16.-  COHVBHTIOHiL  BLECTEICAL  POBEfl  DISTBIBOTIOH 


(COSFOHEUT  CAPITAL  COSTS) 

Pillage  cocplex  (village  center  plOB  three 

neighborhoods)  distribution  systeo  definition: 

500-BCH  single-run  wire,  ft  128  260 

(106  850  + 20  percent) 

1/0  single-tun  ground  wire,  ft 120  250 

50-JcH  transf oraers,  guantity 832 

800-kH  switchgears,  guantity  52 

One-third  village  plus  one-third  of  three 
neighborhoodB,  cost: 


500-HCH  single-run  wire,  128  250  ft  at 

$3. 58/ft,  cost  SO. 459x106 

1/0  single-run  ground  wire,  42  750  ft  at 

$1. 26/ft,  cost  .054 

50-kH  transf oraers,  277  at  $1120  ea,  cost .310 

800-kW  switchgears,  17  at  $3460  ea,  cost  . 059  

Total  $0,882x106 

one-fourth  of  village  plus  one-fourth  of  three 

neighborhoods,  cost  . , . . $0,662x106 


(.882(3/4) ) 


Town  center  distribution  system  definition  (15  yr  buildup) : 

400-HCM  single-tur  wire,  ft  ....  . 

1/0  single-run  ground  wire,  ft  , . 

6000-kH  transf orders,  guantity  

800-kH  switchgears,  guantity  . 

Town  center  distribution  system  yearly  costs: 

400-HCH  single-run  wire,  4260  ft  at 

$3. 05/ft,  cost/yr  ...  

1/0  single-run  ground  wire,  1420  ft  at 

SI. 26/ft,  cost/yr  

6000-fcH  transforners,  cost/yr*  

800-kH  switchgears,  cost/yr®  

Cost/yr  for  15  yr  


21  300 


(18  SOO  + 15  percent) 


21  300 
7 
52 


$13  000 

1 790 
11  200 
12  000 
$38  000 


* Transformers;  7 at  $24  000  ea;  7($24  000)  (1/15)  = $11  200/yr. 
^switchgears;  52  at  $3460  ea;  52  ($3460)  (1/15)  = $12  000/yr. 
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TABLE  E-17.“  CONVENTIONAL  WATER  SUPPLY  SYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

FUEL  eg  ST  IS  102.00  CENTS  PER  MBTU,  WITH  ESCALATION  RATIO  D.050 
THIS  RUN  MADE  11/29/73 

D.  S.  F.  ANALYSIS  FOR 

conventional  WATER  SUPPLY  - 11/29/73 

COST  FLOW  table 
CALL  COSTS  IN  $ X 10E6) 


investment  maintenance  OPERATIONS 

TOTAL 

PRESENT  1 

CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V.  COST 

1975 

23. 598 

0.024 

0.000 

23. 622 

23.619 

23. 619 

19  76 

0.730 

0.077 

0.000 

0.807 

0.  6.93 

24.312 

19  77 

3.212 

0.  153 

0.  000 

3.  365 

2.  530 

26.841 

19  78 

0.774 

0.222 

0.000 

0.997 

0.636 

27. 473 

19  79 

0.  798 

0.  272 

0.000 

1. 069 

0.  591 

28.069 

1980 

3.88  5 

0.  342 

0.000 

4.  227 

2.  079 

30.148 

198  1 

0.846 

0.420 

0.000 

1. 266 

0.  524 

30. 672 

1982 

0.872 

0.  478 

0.000 

1.  350 

0.  484 

31.156 

1983 

3.805 

0.  563 

0.000 

4.  368 

1 . 404 

32.560 

198  A 

0.9  58 

0.  654 

0.000 

1.612 

’0.  434 

32.994 

198  5 

0.952 

0.725 

0.  opo 

1. 678 

0.  391 

33.385 

198  6 

5.9  68 

0.818 

0.  obo 

6.  78  6 

1 - 436 

34.821 

1987 

5.825 

0.922 

0.000 

6.  747 

1.239 

36.060 

1988 

1.041 

1.006 

0.000 

2.047 

0.31  1 

36.371 

1989 

4.816 

1.  121 

0.000 

5.936 

0.8IS 

37. 189 

1990 

1.  104 

1.238 

0.000 

2.342 

0. 268 

37.457 

1991 

1.  137 

1 . 333 

0.000 

2.  470 

0.245 

37. 703 

1992 

6.  467 

1.  479 

0.000 

7.946 

0.  720 

38.423 

1?93 

1.206 

1. 639 

0.000 

2.845 

0.  213 

38.636 

199  4 

1.243 

1. 7 72 

0.000 

3.  015 

0.  196 

38.831 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DISC0UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

53. 731 

69.237 

36.267 

LESS 

RESID.  VALUE 

43. 605 

58.8  68 

3.  597 

NET  capital  costs 

10. 126 

10.369 

32. 670 

COSTS 

FOR  FUEL 

0.000 

0.  OOO 

0.000 

OTHER 

OP.  COSTS 

O.QOO 

o.ooc 

0.000 

MAINTENANCE  COSTS 

9 » 488 

15.261 

2.  564 

TOTAL 

COSTS 

19.614 

25.  630 

35.235 

CUMULATIVE  SERVICE  DELIVERED  = 

101. 

13500 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON -DISCO UN TED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

0.  531 

0.  68  5 

0.359 

LESS  1 

RESID-  VALUE 

0.  431 

0.  582 

0-036 

NET  CAPITAL  COSTS 

0.  100 

0.  103 

0.  323 

COSTS 

FOR  FUEL 

0.  000 

0.  000 

0.000 

OTHER 

OP.  COSTS 

0.000 

0-000 

0.000 

MAINTENANCE  COSTS 

0.  094 

0.  151 

0.025 

TOTAL 

COSTS 

0.  194 

0-253 

0.348 

TABLE  B-18.-  CONVEHTIOHAL  HATER  SUPPLY  SYSTEH  {IHPDTS  TO  DCP  PEOGBAH) 


Year 

Capital, 
1973  S 

Useful  life, 
yr 

OSH,  1973  $ 

Service 

delivered, 

gal 

1975 

20.195x106 

100 

0.0222x10® 

0.237x10V 

.850 

40 

1,198 

30 

1976 

,668 

100 

.0685 

.730 

1977 

1.722 

100 

.1320 

1,405 

1.132 

30 

1978 

,688 

100 

.1863 

1.988 

1979 

.688 

100 

.2210 

2.355 

1980 

2.027 

100 

.270 

2.880 

1.132 

30 

1981 

.668 

100 

.322 

3.430 

1982 

.668 

100 

.356 

3.800 

1983 

1.699 

100 

.407 

4.340 

1.132 

30 

1984 

.668 

100 

.459 

4.890 

.025 

30 

1985 

. 668 

100 

■ 

.494 

5.260 

1986 

2.932 

100 

.541 

5.760 

1.132 

30 

1987 

.850 

40 

.592 

6.310 

.013 

30 

2.990 

100 

1988 

.668 

100 

.627 

6.690 

1989 

1.869 

100 

.678 

7.230 

1.132 

30 

1990 

.668 

100 

.727 

7.750 

1991 

.668 

100 

.760 

8.100 

1992 

2.556 

100 

.819 

8.730 

1.132 

30 

1993 

.668 

100 

.881 

9.390 

1994 

.668 

100 

.925 

9.860 

TiBlE  E-19.-  COHVEHTIOH&L  HATEE  SOEPLY  SXSTEH  (AHHOAL  CAPITAL  ODTLATS) 


Zear 

DQSCEiptlon 

Uajor  component 
capital  cost,  1973  S 

Total  capital 
cost,  1973  $ 

1975 

79  200  ft  of  42-in.  cast  iron  pipe  at  S170.57/f1 

13  500  000 

Treataerit  plant 

1 132  000 

Souice  paQps,  2 ea.  plus  building 

53  400 

Eater  tan):,  3.5  x 10*  gal 

850  000 

9000  ft  of  42-in.  pipe  at  S170. 57/ft 

1 535  000 

19  000  ft  of  36-in.  pipe  at  S136. 58/ft 

2 595  OOO 

12  OOO  ft  of  30-in.  pipe  at  S98. 27/ft 

1 180  000 

3600  ft  of  20-in.  pipe  at  $51. 00/ft 

183  600 

6800  ft  of  16-in.  pipe  at  $36. 84/ft 

250  500 

1600  ft  of  14-in.  pipe  at  $30. 68/ft 

49  100 

400  ft  of  8-ln.  pipe  at  $13. 50/ft 

5 400 

Village  A 

231  200 

One-third  of  village  A,  neighborhoods  1,  2,  3 

66S  400 

Boost  putip,  tank  no.  1 

12  500 

' 

22  246  100 

1976 

One-third  of  village  A,  neighborhoods  1,  2,  3 

668  400 

668  400 

1977 

one-third  of  village  A,  neighborhoods  1,  2,  3 

668  400 

4800  ft  of  30-in.  pipe  at  $98. 27/ft 

471  696 

3700  ft  of  20-in.  pipe  at  $51. 00/ft 

188  700 

2200  ft  of  14“in.  pipe  at  $30. 68/ft 

67  496 

1700  ft  of  12-in.  pipe  at  $23-35/ft 

39  695 

2600  ft  of  10-in.  pipe  at  $17. 55/ft 

45  630 

700  ft  of  B-in.  pipe  at  $13. 50/ft 

9 450 

Village  B 

231  200 

Treataent  plant  addition 

1 132  000 

2 854  267 

1978 

One-third  of  village  B,  neighborhoods  1,  2,  3 

668  400 

668  400 

1979 

. One-third  of  village  B,  neighborhoods  1,  2,  3 

668  400 

668  400 

1980 

One-third  of  village  B,  neighborhoods  1,2,  3 

668  400 

Village  C 

231  200 

9600  ft  of  30-in.  pipe  at  $98. 27/ft. 

943  392 

3600  ft  of  20-in.  pipe  at  $51. 00/ft 

183  600 

Treatment  plant 

1 132  000 

3 158  S92 

1981 

One-third  of  village  c,  neighborhoods  1,  2,  3 

668  400 

668  400 

1982 

One-third  of  village  c,  neighborhoods  1,  2,  3 

668  400 

668  400 

1583 

One-third  of  village  c,  neighborhoods  1,  2,  3 

668  400 

Village  D 

231  200 

- 

2400  ft  of  36-in.  pipe  at  $136- 58/ft 

327  792 

4600  ft  of  30-in.  pipe  at  $98. 27/ft 

471  696 

Treatment  plant  addition 

1 132  000 

2 831  088 

1984 

one-third  of  village  D,  neighborhoods  1,  2,  3 

668  400 

Supply  pumps 

24  500 

692  900 

1985 

One-third  of  village  D,  neighborhoods  1,2,  3 

668  400 

668  400 

1986 

One-third  of  village  D,  neighborhoods  1,  2,  3 

668  400 

Village  B 

231  200 

490C  ft  of  36-in.  pipe  at  $136. 58/ft 

669  242 

12  000  ft  of  30-in.  pipe  at  $98. 27/ft 

1 179  240 

3600  ft  of  20-in,  pipe,  at  $51. 00/ft 

183  600 

Treatment  plant 

1 132  000 

4 063  682 

1987 

one-third  of  village  E,  neighborhoods  1,  2,  3 

668  400 

17  000  ft  of  36-in.  pipe  at  $136.58/ft 

2 321  860 

Eater  tank  no.  2 

850  000 

Boost  pump 

12  500 

3 852  760 

E-58 


1 


—I. 


TABLE  E-19.*  Concluded 


Year 

Description 

Uajor  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

I960 

One-third  of  village  E,  neighborhoods  1,  2,  3 

668  400 

668  400 

1909 

One-third  •£  village  E,  neighborhoods  1,2,  3 

668  400 

Village  P 

231  200 

Treatment  plant 

1 132  000 

4700  ft  of  36-in.  pipe  at  $136. 56/ft 

641  926 

2400  ft  of  30-in.  pipe  at  $98. 27/ft 

235  S4B 

1800  ft  of  20-in.  pipe  at  $51. 00/ft 

91  800 

3 001  174 

1990 

One-third  of  village  F,  neighborhoods  1,  2,‘  3 

668  400 

668  400 

1991  1 

1 

One-third  of  village  F,  neighborhoods  1,  2,  3 

668  400 

668  400 

1992  1 

One-third  of  village  F,  neighborhoods  1,  2,  3 

668  400 

Village  6 

231  200 

1 

One-third  of  village  G,  neighborhoods  1,  2,  3 

668  400 

Treatment  plant  addition 

1 132  000 

7200  ft  of  30-in.  pipe  at  $98. 27/ft 

707  544 

1800  ft  of  20-in.  pipe  at  $51. 00/ft 

91  800 

3 499  344 

1993 

one -third  of  village  G,  neighborhoods  1,  2,  3 

668  400 

668  400 

1994 

One-third  of  village  G,  neighborhoods  1,  2,  3 

668  400 

663  400 

TABLE  E-20.-  COHVEBTIOHAL  IfATER  SOPPLY  SYSTEH 


(COMPOHEHT  CAPITAL  AHD  O&H  COSTS) 


Item 

Unit  cost, 
1973  S 

Useful  life,  yr 

Hajor  capital  cost  items 

Treatment  plant,  seven  4 x 10®  gal/day 

stages,  $/stage  

1 132  000 

30 

Cast  iron  pipe,  8-  to  42-inch, 

installed,  S/ft  

13.50  to 
170.50 

ICO 

Water  tanks,  3.5  x 10®  gallon  capacity,  $ . . . . 

850  000 

40 

Tank  boost  pumps,  $ 

12  500 

30 

Supply  pumps  and  housing  {2  separate 

installations)  ,S 

53  400 

30 

O&H  costs 

Treatment  plant: 

Electricity,  kWh/1000  gal  . . 

10.09 

2KA 

Chemicals  (clarification,  carbon,  chlorine)  , 
(!!/1000  gal  

2.73 

HA 

OSH  labor,  «J/1000  gal 

3.93 

HA 

Hiscellaneous,  0/ICOO  gal  

1.74 

HA 

Distribution  system  maintenance,  ^/lOOO  gal  . . . 

,98 

HA 

Supply  pumping  power,  kWh/1000  gal  

1.71 

HA 

lElectrical  power  cost  was  included  with  the  electrical 
power  system  costs. 

2Hot  applicable. 


D 


A 


1 


-•  - ■. 


I 


TABLE  E-21.-  CONVENTIONAL  HOT- WATER  SYSTEM  COSTS 
(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 

FUEL  CaST  IS  102.00  CEMTS  PER  MBTU«  WITH  ESCALATION  RATIO  O.OSO 
THIS  RUN  MADE  12/  4A73 

D.  nC.  F.  ANALYSIS  FOR 
CONVENTIONAL  H0T  WATER  - 12/A/73 

COST  FL0W  TABLE 
CALL  COSTS  IN  £ X 10E6> 


INVESTMENT 

MAINTENANCE 

OPERATIONS 

TOTAL 

PRESENT  CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V. CO  ST 

1975 

0.28  A 

0.015 

0.007 

0.  306 

0,  303 

0,303 

1976 

o'.  343 

0.033 

0.  022 

0*398 

0.339 

0,642 

1977 

0.544 

0.062 

0.039 

0.  644 

0.477 

1.  1 19 

19  78 

0.259 

0.077 

0.053 

0.389 

0.245 

1,364 

19  79 

0.29  3 

0.09  4 

0.073 

0,  460 

0.251 

1.615 

1950 

0.536 

0.  125 

0.  098 

0.759 

0.363 

1.977 

1981 

0.278 

0.  143 

0.  120 

0.  541 

0.  219 

2.  196 

1982 

0.287 

0.  162 

0.138 

0.587 

0.206 

2.402 

1983 

□ ,‘588 

0.  197 

0.  171 

0.956 

0.297 

2,699. 

198  A 

0.  309 

0.219 

0.  197 

0.725 

0.  191 

2.890 

198  5 

0.29  5 

0.241 

0.219 

0.755 

0.  172 

3.062 

1986 

0.638 

0.281 

0.256 

1.  174 

0.23T 

3.299 

1987 

0.328 

0.306 

0*266 

0.920 

0.  15? 

3.457 

1988 

0.332 

0.332 

0.315 

0.980 

0.-1 46 

3.602 

1939 

0.699 

0.  378 

0.  364 

1. 441 

0.  190 

3.792 

1990 

0.369 

0.  408 

0.405 

1.  182 

0.  132 

3,924 

1991 

0.378 

0.  440 

0*449 

1.26T 

0.  123 

4,047 

1992 

0.572 

0.498 

0.512 

1.882 

0.163 

4,210 

1993 

0.513 

0.540 

0.  562 

1.6X5 

0,  1 19 

4,329 

199  A 

0.510 

0.  582 

0.609 

1.701 

0.  109 

4.437 

C0ST  T0TALS  FOR  THE  20  YEAR  PERIOD  FROM  1975  T0  199A 

1973  PRICES-  ESCALATED  PRICES  ESCALATED  PRICES 
NON- DISCOUNTED  NON" DISCO UN TED  DISCOUNTED  TO  191 


CAPITAL  EQUIP. 

6.076‘ 

8.654 

2.  773 

ii 

B 

LESS  RESID.  VALUE 

6,076 

8.913 

0.  541 

1 

A 

NET  CAPITAL  COSTS 

0.000 

-0.260 

2.  229 

f- 

V 

COSTS  FOB  FUEL 

2.220 

4.897 

0.779 

1 

OTHER  0P.  COSTS 

0,000 

0.000 

0.000 

r 

V 

MAINTENANCE  C0STS 

3.203 

5.  131 

0.88E 

f; 

TOTAL  COSTS 

5.423 

9.768 

3.893 

r 

t 

d 

cumulative  SERVICE  DELIVERED  = 

13.83870 

AVERAGE  UNIT 

COSTS  FOR  THE  20 

YEAR  PERIOD  FROM 

1975  T0  1994 

1 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRK 

NON- 01  SCO UNTED 

N0N-DI  SCO  UNTED 

DISCOUNTED  TO 

1 

CAPITAL  EQUIP. 

0.  439 

0.625 

0.  200 

1 

LESS  RESID.  VALUE 

0.  439 

0.  644 

0.039 

1 

NET  CAPITAL  COSTS 

0.000 

-0.019 

0.161 

1 

COSTS  F0R  FUEL 

0.  160 

0.  354 

0.0  56 

1 

0THER  0P.  C0STS 

0.000 

0.000 

0.000 

1 

MAINTENANCE  COSTS 

0.231 

0.371 

0.0  64 

TOTAL  COSTS 

0.392 

0.706 

0.281 

E-61 


TABLE  E-21,-  Concluded 


(b)  Escalation  ratio  of  15  percent 

FUEL  C0ST  IS  102.00  CENTS  PER  MBTUj  WITH  ESCALATION  RATIO  0.150 
THIS  RUN  made  12/  4/73 

D.  C.  F.  ANALYSIS  FOR 
COSlVEWTIONAll  H0T  WATER  - 12/4/73 

COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 

investment  maintenance  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST  1 

COST 

cost 

VAL  UE 

P.  V.  cost 

19  75 

0.28  4 

0.  015 

0.009 

0.  308 

0.305 

0.305 

1976 

0.  343 

0.033 

0.032 

0.  407 

0.347 

0.651 

19  77 

0.  544 

0-062 

0.061 

0.  666 

0.  492 

1.143 

1978 

0.2S9 

0.  077 

0.  09  1 

0.  427 

0.267 

1.410 

1979 

0.293 

0.09  4 

0.  139 

0.  526 

0.  233 

1. 69  3 

1980 

0,  536 

0.  125 

0.203 

0.864 

0.408 

2.  101 

1981 

0.278 

0.  143 

0*273 

0.  694 

0.277 

2.378 

1982 

0.287 

0.  162 

0.  343 

0.  792 

0.273 

2.651 

1983 

0.  588 

0.  197 

0.  466 

1. 251 

0.  381 

3.031 

1984 

0.  309 

0.  219 

0.  588 

1.116 

0,  287 

3.  319 

1985 

0.295 

0.  241 

0.714 

1.  250 

0.  278 

3.  59  7 

1986 

0.  638 

0.  281 

0.9  14 

1.832 

0.  360 

3.9  57 

1987 

6.  328 

0.  306 

1.  121 

1. 754 

0.293 

4.250 

1988 

0.332 

0.  332 

1.  352 

2.  016 

0^29  2 

4.  542 

1989 

0,699 

0.  378 

1.710 

2.  78  7 

o'Z355 

4.698 

1990 

0.369 

0.  408 

2.  08  2 

2.859 

0.  31 1 

5.209 

1991 

0.37B 

0.  440 

2.528 

3.  346 

0.  316 

5.  525 

1992 

0.872 

0.  498 

3.  155 

4.  525 

0.  376 

5.902 

1993 

0,513 

0.  540 

3.  797 

4.850 

0.  346 

6.248 

1994 

0.510 

0.  58  2 

4.  508 

5.  600 

0.  347 

6.59  5 

COST  totals  for'  the  20 

YEAR  PERIOD  FROM  19  7 5 TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

escalated  prices 

NOW-DISCOUNTED  NON- 

DI SCO UN TED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

6,  076- 

8.  654 

2.  773 

LESS  1 

RESID.  VALUE 

6.076 

8.9  13 

0.  545 

NET  CAPITAL  COSTS 

0.  000 

-0.  260 

2.229 

COSTS 

FOR  FUEL 

2.  220 

24.  08  7 

2.936 

OTHER 

OP.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

3.  203 

5.  131 

0.885 

TOT/^ 

COSTS 

5:  423 

28 . 9 59 

6.050 

CUMULATIVE  SERVICE  DELIVERED  = 

13. 

83370 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

19  75  TO 

1994 

1973  PRICES 

escalated  prices 

escalated  prices 

NON- DISCOUNTED  NON- 

DISCOUNTED 

discounted  to  19' 

CAPITAL  EQUIP. 

0.  439 

0.  625 

0.200 

LESS  1 

RESID.  value 

0.  439 

0.  644 

0.039 

MET  CAPITAL  COSTS 

0.  000 

-0.  019 

0.  161 

COSTS 

FOR  FUEL 

0.  160 

1. 741 

0.212 

OTHER 

OP.  COSTS 

0.000 

0.  000 

0.000 

MAINTENANCE  COSTS 

0.  231 

0.  371 

0-064 

TOTAL 

COSTS 

0-  392 

2.  093 

0.437 

E-62 


TABLE  E-22.-  CONVENTIONAL 


-WATER  SYSTEM  (INPUTS  TO  THE  DCF  PROGRAM) 


_ . . . 

UTHER  0-AND-H 

. 



I^LFCTMtCITT 

-6 

JMCLljnlMG  LftflOR 
-6 

MAN  rEARS 

SERVICE  D] 

il'fli  s X lu  ) 

lU"ANO“M) 

GAL  X 10- 

• norr 

.oiaH 

.00 

S7A76, 

tnnn 

.n?9i 

.00 

12‘*?7*1. 

• nnn 

.rs.TZ 

.00 

P7(.6?l  . 

eonn 

.00 

7/571/. 

.orn 

■ 07#.* 

.00 

329170, 

• nnn 

.00 

...  M77“7i, 

• nnn 

, in«’« 

.no- 

. - .non 

.170*)  

. .00  . 

519969. 

• nno 

. 1 ‘t73 

.no 

613962, 

. .£?nn 

.00 

667715. 

.nnn 

,163B 

.no 

7PP75M, 

• nnn 

.10S5 

.00 

nno*iH2, 

«nnn 

,19A3 

.no 

nH9177, 

.nnn  . 

,7070  - . 

.00 

R95059, 

.nnn 

,2?fl8 

.00 

9«B359. 

»nrn 

.CO 

^ 1 037613. 

• nno 

.7510 

.00 

lnH7?9/, 

. 'OPO 

,7759 

_ .00 

1191597. 

' .pnn 

,790  1 

.iin 

1 756 1 »9, 

•ipnO 

.3030  . - 

.00 

1 3 1 1610, 

(a)  Input  data  array 


mULOJNR 

ELFCTRTCAI 
RATF  S/iriVH  - 

..  ,onnn 

FUEC 

— »ATF  S/HRTti 

1,0200 
1 .0200 

- 1 ,0200  - 
I *02nn 
- 1 . 0 ?nn 

I.AROR  R/ITF. 
q/HAM-YFAR 

inlnn.n 
10100*0 
- - ml  nn.o 
mton.n 
. miOnoO 

■BTwGLF  FAMtUt.  . - 

TOi^rN  H0M*>£ 

apartmfmt- 
FLFUFNTPY  school 

■'/TIC  Ml  RISC  APT- 
•'TnOLF  srnriuu 
'^TRH  ticHHOu 
irji  L npF  ICF  HLOG 
I'FrRFATTOM  CEmTR 
SHoPflMfi  CFNTFR 
rni crop 

? 

3- 

,nnrm 

- . nnnn 

.noon 

— , nnnn  . 

.nnnn 

-,nnnn 

• 

A 

I .fJ2on 

- 1 . o2no  - - 

I ni nn.o 
. 1 n 1 on.n 

1 nl fn.n 

1 n 1 oo.n 

1 01 nn.o 
. ..  1 n t nn  f n 

n 

— ^ 

.onnn 

- .tJOnn 

, nnnn 
— . 0 n (T  n - 

1 .0200 

. ....  1 , ii2nn 

11 
- 1 1 

1 ,0200 

— — 1 ,n2nn  -- 
1.02nn 

.noon  -- 

1 ,0-2  00 
-■  --  I .n?fio 
1 ,Q2nn 

t,Q2nn  . 

— 

I ? 
! ■» 

^:HnPPTM#;  MALU 

U rjp<;TAiJr< AMT-  — 

,onnn 

: , onori 

I nl nn.o 
- - . _ 1 oiof-.n 
tninr.o 

1 nl On.n 

1010", n 

..  1 n * On  , n* 

1 ** 

(5 

! 6 

hffTCF  n'nLtM^)Q 

in  HTPr  IN^J  

Ml  ffiqp  IN-' 

. t M»r  RFPT  AUPANT. 

,Onnn 
. a 0 n n D 

pOOnn 
, onnn  - 

t « 

HOcjPTTAl 

.0000 

1 .0200 

inion.n 

!■» 

Ui  f>\^F  APAKTMJJT. 

,oonn 

■ ^ 1 .07ftrl  . 

— 1 n 1 0 r * n . 

. 

® AP  nr  1 Tv_. 

FI  Fr  Tf*  T OFCenNMFl  rlPTTAI 

mA  T N T a 1 NFNrE 

/ R 1)1  COINS 

Toms 

KV> 

HFAT-MBTm 

KPH 

A ,Omi 

HpN  S 

x.noi 

9 A*ni 

1 

fihglf  family 

41*90 

.00 

,nn 

• nnno 

.DU 

* 1 97 

,09PS 

•9 

TOWN  HOUSE---  

4 1 • 9 n - 

*nn 

..  ..  ..  ,nO.„ 

• nnnn 

.Du 

• 197 

,09B5 

3 

oasOFn  aparthfmt 

70*on 

• no 

,nfi 

.nnnn 

*00 

•121 

.0605 

FLPMFMTRV  SCHOOL- 

4S?«  6n  -- 

* n n 

■ nnnn 

.Ou 

6*592 

3.2960 

fi 

VTI.L  HI  OISE  APT 

374A»7n 

.on 

7005, on 

*onrm 

.00 

a. 7*  J 

4.3P0S 

|C, 

F trrrinoL 

3077*90  

. # n n ^ 

77A3,r!n 

•nnnn  - 

. ,00  _ 

9*746 

4.B730 

7 

MTcH  OrHOOC 

3077*90 

.no 

77A3,nn 

.nnnn 

.DO 

9.746 

4.0730 

P 

UT1  C OFF  TCF  HLOO 

— ....  b74»47  -... 

*nn 

431 , no 

. .nnnn  

..._  .DU, 

„ «»*59Z  . 

3.2960 

Q 

OFf-RpATlON  CFNTO 

4nO»  Bn 

.on 

3n/i.nn 

• nnnn 

.DU 

6*592 

3,2960 

in 

SHnPPTMr:  CFNTFR 

177*74 

.on 

1 ?0.n0 

.nnnn 

,fU) 

. 77U 

,1140 

1 1 

roi cfrf 

I Bn  * nn 

.on 

1 36, nn 

*nrinn 

,DU 

• 495 

,2475 

1? 

SHnP/’lNi:  MALL 

574*00 

. ...  .no 

0*0. no 

.npinn 

.DU 

6 • F 9 2 

3.2960 

n 

/'A|  c ofstauhamt 

• On 

.on 

.nn 

. nnnn 

.00 

4*r.92 

3. 29nn 

_ . 1*1 

TFFICF  nUlCUlMG  . 

574  *Bn 

lon 

. ..  . Apn.nn 

* nnnri 

• DO  _ 

6*59? 

3.2960 

1*1 

in  PTSF  IMN 

3H9n*on 

,nn 

7 1 AO.nn 

.nnnn 

.ny 

B.7AI 

4,3flnn 

M 

HI  RISF  INM 

2MB3«Dn 

• no 

79m. nn 

,nnnn 

• Utl 

9,746 

4.H730 

1 ~ 

1 Mm  HPqT  A'.IM  ant 

• Hrt 

.nn 

a nn 

.nnnn 

.DU 

7*  PAD 

3,9300 

1 B 

hospital 

1 0773*70 

*nn 

onsn.on 

,nnnn 

.Oil 

19*492 

9,7460 

19 

HI  RISF  apantmmT 

374A  *7n 

, *nn 

?BCl5,no 

• oono 

• tiu 

a*76l 

4.3005 

0 


0 


D 


TABLE  E-23.-  Continued 


(b)  Input  schedule  array 


f — 7ia.nn- 

7ia,nn 

— I7»i^,nn  .. 

^ ^3q.nn  . . 

s3H.ao  ... 

.in7l»aa_. 

sjn.no 

53H.aO 

1071 <no 

• On  - 

S3>)f0n 
_ 12H7.0n 

S3<**an 
7ti«nn 

1071 .on 
- 713.00-  _ 

S3**. on 

<i3n.iio 

1071 *n0 

53*1.00 

* 3?«(«nn 

32s*nn 
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. .onnn 

.0175  . 

♦ P7^3 

ft 

oiont  E <:runOL 

.iirtno 

*nn*i9 

*nn99 

7 

■HlfiH  SCHOOL  . . _ .. 

«nnr»9 

*noort 

. .pniJQ  , 

n 

< >1  t.  orrirF  nuoG 

« Hflrtn 

.0031 

• on^t 

. 9 

HE-ttr»TinH  CENlfl_.  . 

. ,'10Ot1 

.noil  . 

. *nn3-v 

1 n 

Sunpotf!!;  cFNTtK 

»nor»n 

nnort 

.nnrii 

1 1 

Coi  LrRF 

• UDon 

.ODOD 

• noon 

! 2 

SHPPPln);  U6LL 

• un^^n 

*nnno 

• rnnn 

13 

OH  1.  BESTAMHIMT 

. .Ollnn 

- ,O00q 

• noon 

OFFirF  nini.DtNQ 

.Ollnn 

.0033 

• pn.n 

^ IS 

to  niSE  imj  

_ .unnri 

- *nts9*j  .. 

. .0099 

16 

HI  OISE  T«M 

#mmn 

.noon 

• nnq» 

1 7 

!«<•  RgSTMlttANT  . 

. p'lonn 

. ,0n39 

.n-ns? 

in 

HOSPTTAI 

• OOnri 

.noofi 

■ onpfl 

19 

H!  RISC  APARTOflT 

..  .ncinn 

*nonn 

• ooon 

. . 

total 

,3907 

.5372 

i'Em? 


' — 

OSMLTiINO  TYPE  

11 

12 

13 

t 

S1*iR(E  F»HTL<' 

. 7B90 

,R9S9 

• 99Bf) 

Z 

— TOHN  riDllcr 

• 369Q 

f qHA9 

3 

GA«>f)Fri  AvAPTkENt 

• 27n<5 

.7999 

*1 

.ElfhpHthv  SCHOOt 

. .03*3 

.0920. 

. .09.9a 

5 

Vtl  L MI  oTSE  apt 

<0969 

, intii 

.1139 

A 

Mintn  F sphoOl 

»U  I 9S 

,n74H 

a07HU 

7 

MIFH  SCMnnL 

■ 0 1 95 

.019$ 

• n?<4  g 

a. 

-9111.  OFFIFF  BLOr, 

• 0 1 9 P 

,073! 

.0769 

9 

HFrRpATinH  CFNTR 

• oil? 

.0165 

.0169 

-~I0 

- SHOpDin?;  pFAiTtR 

- *aons 

.0005 

- ^ .pflOA 

1 1 

Cm  i.fge 

. OrtriR 

,naos 

.nnn?; 

--  1? 

SHnPDTfli;  mall  

• OOA6 

• .npiftA 

13 

MA(  1 RFt;TA|iRANr 

♦pin3 

,0013 

.OflTi 

19 

OFF  IFF  niiiLO  t NG  

• <)  1 AR 

,0190 

.01  9q 

15 

tft  DtS**  T*"*1 

,nn*Mi 

, nn«i  4 

1 A 

Ml  RTSr  THH 

. U 1 KA 

.0  ! «6 

1 7 

I»'«  9E5TAKRAMT 

rrUM9 

.0039 

,nn.n9 

m 

HrtQpft*i 

*iinciQ 

,nn99 

*nntin 

! 9 

H|  (»TSr  dpilRTf1*lT 

• Lilian 

,01  3i 

.ni3( 

- 

total 

|4*J70 

1.1561 

1 ,9A3q 

maintenance  costs 


($  X 10"^) 


9 

b 

6 

.3169 

*3AB& 

<979P 

• Z154 

.iri29 

*1373 

*ni  3? 

*P1  AS 

• 0731 

,P36r| 

.tl93B 

•^CJ>A 

*nn97 

• nny7 

• OT 

, nn«9 

.0097 

• 0097 

,npAA 

*nn99 

• Pi  3Z 

,nn*A 

..  ,nnAA 

• nn99 

.nnni 

.npu2 

■ Onn? 

,r^PP7 

. nniiz 

♦ Pnn2 

,nnnn 

.nn33 

• Pn33 

,nnnn 

.PP33 

,nn6A 

• nn^A 

• Pn99 

• nn44 

♦ nn49 

• nn*i9 

• nnt{9 

,nri39 

.pri39 

•PP.19 

,nnrin 

.nmio 

• nn4? 

• nnpn  . . 

• on^it 

.A939 

• 7AA*I 

.9qq2 

7 

H 

9 

.6266 

.S7V2 

• AR97 

*2399 

.7633 

.31  17 

_ *1470 

. *1911 

.0231 

• nzftN 

.0330 

_ *0ftl3 

_ .07111 

.n7Hfl 

• U19A 

.^196 

*01 

♦ CM  HA 

.ni4a 

. *miha 

.0132 

.nlAq^ 

• 0!  9#1 

.n09V 

,pnv9 

• n I 3? 

• UG03 

• nnoi 

■ rtrtri} 

.0002 

*noo7 

*PP02 

• 0033 

.nu33 

■ OP3  3 

.0033 

.0033 

• Ur?33 

.n|3? 

*013? 

*U09H 

. . .nOHw 

.pnH(| 

.0097 

.nP97 

*1)1  9A 

• U039 

. ,0039 

.(1P39 

,«Q49 

,niiH9 

*11099 

.UONM 

• 0P9M 

• opHn 

1 .0990 

1*7039 

1 **^7ZB 

19 

16 

16 

17 

|8 

1 ,nnOA 

1 .lOM 

1 .1507 

1.7113 

1 .3301 

! .1P43 

..  .9S9B_ 

.5026 

-._  *5266 

.6505 

,6060 

-A3H3 

.2793 

« 30H7 

.3230 

.3301 

.3720 

-3ozn 

.POfil 

*n5?7  . 

- *(1527 

.0560 

. ..  .0676 

.0AS9 

.1727 

.1319 

• 1 <1112 

.1*109 

.1665 

• 1767 

.n?qg 

.0292 

.0292 

,0292 

.9301 

• «34T 

, n 7 « 9 

• n?99 

,0752 

,(1292 

.0797 

• M39T 

.0269 

*P7V7 

• ni^n 

. . ,0163 

.0396  ^ 

.0)  A? 

.0198 

.t>  1 in 

,ni9B 

.0731 

*n?j  1 

,Ppn4 

...  .nOfiA 

.0007 

- - . .0007 

.0007  .. 

•upon 

,onns 

.0006 

• 0005 

.0005 

.0005 

• una^ 

,PPAA 

— -,n099 

. . .0099 

.0099 

..  .0099  , . 

• ''099 

*n031 

.0033 

.OnlS 

.0033 

.0033 

• rp33 

*0731 

*n?3t 

• 076'! 

.0260 

. .0260 

. U2AH 

. PPM  l| 

.nnoM 

• no<iq 

.oniH 

,0009 

• ppqq 

,0|ma 

• PI  ■♦A 

.Ol«6 

.0106 

.0106 

• r;;  ^A 

, ofV39 

. nnj9 

.onj9 

.('030 

.0(139 

.fm39 

,0099 

• nnvT 

.0007 

,0097 

.0097 

• IIOV7 

.01  31 

.n|3) 

• nm 

.01  75 

.0175 

*01 

7,p7nn 

7.2978 

2.3993 

2.5103 

2.7580 

2.9P JO 

m 

.73/3 

.335) 

• ZQSH 
.U33»1 
.0b?6 

. .niv5 

.til's 

• QI'B 
.013? 
,nnt»5 
,iJnn? 
.on^& 
,0033 
.OIAS 

.on*h*i 

.On  39 
,rm«i7 
,UOHft 

! .5393 


?□ 

I. *1795 
. .670? 

.9J  16 
,069? 
.IRNO 
,0391 
,03**l 
,0U61 
.0731 
♦ DPOa 
«ano5 

.0099 
.0033 
.0769 
,0P«MI 
,0l*-6 
.0039 
.0097 
.01  7S 
3.03«1 


ft*  <i  ^ 


TOTtL 
15,9827 
7,0170 
9.3222 
,7105 
1 jt-ej 
,3997 
*3606 

.?670 

,<>009 

*0067 

,1086 

.0626 

.3169 

.0832 

.2199 
.0/97 
.10  23 
.1796 
32,0279 


(f) 


TAhiiii:  concluded 


Service  delivered  (1000  gal  x 10”^) 


I* 

17 

1<< 

17 

1 


- _ rEAu 

BnUfitfJt;  TYPr  t 

SI  MCI  F PAUU.T  _ ,Z9B7 

Tn«M  Htiijcr  *I3Cb 

GApnirr!  Apartment  _ lUANn 

Fi.rupHTCy  cCHOnc.  .iirwic 

vlll  MI  PICE  apt .U?uti 

"inniE  CTHCOL  ttiocn 

htch  CCHnni  «minn  --- 

VTIl  PFFirF  fltnc  .Onno 

MF'^PfATIOM  CFNTp .Ufinp 

SMnppiitR  rrfiTtR  .imnn 

CRil  c-RF  < iiiinn  

SMNPpiris  MALL  .tinnn 

"AU  HFCTAtjRANT  ...  ..  .Unnn  ..  . 
PFFtrE  AiiiLiHMCi  •(Jtinn 

Ln  CISC  INN  .t»(jnn 

HI  prSF  iMN  *iir*nn 

IHH  oFSTAiiCANi  — . .unnn 

hocpjtal  .unno 

HT  otSF  apartmnt — ~ ..Oljnn 

total  .37cn  1 


tear 


2 

3 

I 

5 

6 

7 

R 

V 

to 

;a97£ 

1 « ) ?nn 

1 ,3*137 

1 .5A75 

2.ni62  — 

z*ZHon 

--  -2,9637. 

2*9izs 

. 3« 13^2 

.2715 

• 5ri9 1 

.6109 

t7|77 

.9lA9 

1.UI82 

r.i2un 

1 *3236 

I.125H 

. 1 296 



,2916 

...  -3M0Z 

. .917H 

«1860 

.5396, 

*63(rt 

• 6P04 

,0091 

0 ft  1 A ^ 

.01  "1 

■*P726 

.0117 

• U3I7 

.0362 

• l»«S3 

• a4S3 

. 1999 

- ,77'lfl 

.2999 

*3747 

»9i|96  - - 

• bZH5 

. _ .5995 

• 67*14 

♦ 7493 

.n3(*2 

0 0 1 n 7 

,0605 

• OBIJT 

• U‘?ri7 

.0907 

• X7n9 

• 1709 

,0000 

■ ■ 

,oin?  . 

.nfo& 

.0605- . 

00907 

. - ,0907 

-U9U7 

• I7fi9 

,0057 

♦ ft  r 1 1; 

.one 

• ftl  7Z 

,o?3n 

»u?3ri 

,07»7 

• «3HS 

♦ 0345 

,009  1 

♦nntjf 

— .onn?  . 

— *nfiH2 

— - ,0123 

. .0173 

.0123 

*in*H  ... 

• .0164  . 

, noon 

*nni7 

,0017 

• nn3^ 

.0  0,1*1 

• rtisz 

.01152 

• Uflb? 

«anft9 

, noun 

• nnnn 

,0018  . 

— .nniG 

.nnia  

.onie 

. _ . .mil" 

.uniR  . 

*0018 

, nnuo 

• fiftftft 

,nnon 

.nn»i7 

.0057 

.0057 

,01157 

• tins? 

•Oils 

, noun 

- ...  »nnOrt 

. - - ,nnoo 

- •nnuii 

•noon  - 

.onoo 

.opoo 

»nPQp 

•dqoo 

.0057 

,0389 

*nft*97 

*niBi>  - 

.01  te 

,0189  „ 

• nj  IS 

,0172 

.0lG9-__ 

.III  72 
♦ U3H9 

.0230 
on  HO 

• U73n 

*O?07 

,0000 

0O7nn 

,0288 

0(>7efl 

,0288 

.US7A 

,0576 

■ ---  jiUSP** 

• UA6B 

-^♦0309  _ 
• QftAS 

,nnoo 

. - 0ftnftn 

- . ,on0o  . 

— .rxioo 

. - ,oona  ... 

• 0000 

.oL'tm 

0(JOftD 

■ or>oo 

, nnon 

0ftftftf| 

,nnon 

• nofto 

• 0536 

.riS3^ 

.0536 

*(tS36 

.0S36 

, noiio 

.nnnn  . 

— - .norm  — 

.n37B 

.0175  . .. 

.037S 

.0375 

.0749 

• 07H9 

, 7»27 

7- ?Afi? 

2.7577 

3079I7 

9*22*17 

H, 734ft 

5.1997 

ft. I3V6 

A.ft322  * 

1 

Z- 

OiMlMHc  ttRE 

Sl'iRt  E FAMILY 
_Tn«u  HOiicr 

- 1 1 
1 ,36nn 

5273 

12 

3.flO«7 
1 7109 

13  - 

9.0325  9 

3 

GAPOFM  AoaSTMENT 

• T29fi 

.0262 

— 1 »8327-  ■ ■■■! 
.S79n 

— *1 

ELFMrHTcv  5CM001. .«*l9n 

,nS8« 

.nsde-. — 

s 

VtLt  Ml  R!5E  apt 

.d74j:i 

.0997 

.9791  I 

6 

0(001  F CmmoOl  

« 1 2no 

- .1511 

. 1 51  1 . - _ 

1 

Ml  CM  5CH00L 

* 1 209 

.1209 

.1  91  1 

8 

-9II  L OFFtf  F RLOFt 

- 

,0*102 

.0960 

9 

RFrcrATIOM  CENTR 

*IM  64 

,020*1 

.0209 

(0- 

-SMOPPINC  rFNTER 

— «on^Q^ 

,0069' 

,0086  

1 1 

Cm  lfGF 

• U03ft 

.0036 

.0036 

12 

. SMOpPlNc  mAU.  . 

- 

.0! IS 

.01  15 

(3 

OAI  L KFSTAIIHANT 

• cjnnn 

.0000 

.0000 

- 19 

OFFICE  RMUOIHG 

. .07rt7 

,0395  , 

.0395  

15 

LO  JJISF  IHH 

* LJ  3 n «i 

.0389 

• 018r) 

16 

MI  ntSF  i«H 

■ 0065 

,0065 

.0065 

1 7 

i**>i  rfstaiiRaht 

• onoft 

,0000 

.OOOfl 

--  10 

HOCPTTAl  

. •0$36 

...  . .0536 

.0536  . . 

19 

MI  OTSF  ApARTMHT 

• 07*19 

.1179 

.II2<I 

— 

TOTAL 

7*0^76 

0.009*1  . 

-0.99(2 A 

19 

IS, 

16 

- 17  - 

18 

19 

’.7962 

9.5(850 

9.9287 

5.1629 

6,6799 

5.9737 

1,9395. 

2.13»2- 

2 (.2900 

Z.3M1B 

7 - 7 1 

,9239 

1 .0206 

1 *0692 

1.1170 

1.7312" 

1.2960 

,0639 

.0774 

*07? 4 

.0769 

;.099l 

r .1290 

I . 1989 

1 .2739 

1.9237 

1.4<?87 

.1511 

.1019 

.1819 

,1819 

. ,7M6 

.2116 

.1511 

.(611 

.l«19 

.IHI9 

.2116 

-.09611: 

*— _ .nsi  7 

.0575 

.0632 

.06VQ 

.0797 

.0289 

.074S 

• 0295 

.0296 

.0286 

.0006 

.0086 

• 0(03 

.8103 

,0103.. 

.0121. 

,0036 

.nnsft 

.8036 

.0036 

.0036 

.0036 

.0115 

.01 72 

.0172- 

.01 72_ 

- 1^1  77 

,nnon 

.ftnon 

■ rnnn 

iOnOO 

.8000 

•onDP 

,n4n? 

«04DZ 

.0960 

♦n*tfto 

.n46n 

*mGP 

• niP? 

.0399 

• II3UI9 

• pRftS 

•ftBftS 

• ORftS 

,0865 

• IiPftS 

.oonn 

• nriLiD 

• Onoo 

• ooon 

• nann 

• Pnrjo 

,0536 

. .1072 

. .1072 

.1072  ^ 

. in/7  . 

- .1072 

.1129 

..1129 

• M 29 

.1999 

,|9V9 

• 14V9 

.2606. 

^^9*  ARJfi  . 

10.3761  , 

IP. 8730 

11,9969 

1.2.6619 

20 

A. 272*1 
,2.8609 
T.360a 
,0960 
S.6736 


• onoo 

..  ,0960 
.03B9 
.□P6S 

• onoo 

• .1072 

• IH99 
IStllSI 


total 

65.8605 
2»,9392 
t*l.2aB*l 
,9b67 
15.9609 
2,*I*)0S 
2,2369 
.753! 

.33U 
,1275 
.0996 
, » 89*1, 
*0000 
.5518 
.7391 
I.26SI 
.0000 
1.1260 
l*536t 
138.3870 


.21  16 
.21  16 
.0805  ... 
.0786 
.0121  ..  . 
.0036 
.0172 


T&BIE  E-24.-  COHTEHriOBiL  HOT-H&TEE  EQUIPHEUT 
(a)  conponent  capital  and  maintenance  costs 


Building  type 

Sizing 

flow, 

gal/hr 

(1) 

1 Recovery 
rate, 
gal/hr 

Capital 
cost, 
1973  $ 

Maintenance 
cost, 
1973  $ 
(2) 

Annual 

flow, 

gal 

1 Comments 

Single  family 

10 

30 

197 

9.85 

42x103 

standard  electric 

Townhouse 

10 

30 

197 

9.85 

42 

Standard  electric 

1 

Garden  apartment 

5 

8 

121 

6.05 

20 

Electric  low-boy 

Village  shopping  center 

33 

45 

228 

11.40 

172 

Standard  electric 

Elementary  school 

247 

500 

6 592 

329.60 

452 

Components  (size  1) 

Recreation  center 

134 

500 

6 592 

329.60 

409 

Components  (size  1) 

Shopping  mall  (each  phase) 

332 

500 

6 592 

329.60 

574 

Components  (size  1) 

Mall  restaurant 

(total  for  all  phases) 

345 

500 

6 592 

329.60 

306 

Components  (size  1) 

office  building 

(village  and  town  center) 

235 

500 

6 592 

329.60 

575 

Components  (size  1) 

High-rise  apartment 

(village  and  town  center) 

961 

1500 

8 761 

438.05 

3 747 

Components  (size  3) 

Hiddle/high  school 

1434 

2000 

9 746 

487.30 

3 023 

Components  (size  4) 

Low-rise  inn 

946 

iscJo 

8 761 

438.05 

2 682 

Components  (size  3} 

High-rise  inn  | 

1277 

2000 

9 746 

487.30 

3 890 

Components  (size  4]| 

inn  restaurant 

694 

1000 

7 860 

393 

2 555 

Components  (size  2) 

Hospital 

2265 

4000 

19  492 

974.60 

10  724 

Components  (two  size  4) 

College 

124 

120 

495 

24.75 

180 

standard  electric. 

1 During  an  average  day,  this  is  the  maximum  hot-water  requirement  during  a 1-hour  period, 

^Bepair,  maintenance,  and  replacement  cost;  ref.  E-14  provides  factors  between  3 and  8 percent, 
depending  on  the  equipment,  in  the  interest  of  time,  5 percent  was  used  for  all  equipment  in  this  study 


TABLE  E-2«l.-  Concluded 
(b)  Costs  of  conponent  sizes 


Component 

cost 

t $ 

Size  1 

Size  2 

Size  3 

Size  4 

Boiler 

5401 

6624 

7480 

8318 

Boost  pUHp 

200 

210 

227 

260 

Storage  tanJc 

895 

895 

895 

934 

circulation  pump 

96 

_131 

159 

234 

Total 


6592 


7860 


8761 


9746 


TABLE  E-25,"  COWEMTIONAL  WASTEWATER  SYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL  C0ST  IS  10a*00  CENTS  PEK  MBTU*  WITH  ESCALATI0N  KATI0  0.050 
THIS  RLW  MADE  U/30/73 

D.  C,  F.  ANALYSIS  FOR 

COTyVENTIONAL  WASTE  WATER  SYSTEM  - Jl/29/73 

COST  FLOW  TABLE 
<ALL  COSTS  IN  S X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V.COST 

1975 

5.779 

0.033 

0.005 

5.817 

5.812 

5.812 

1976 

0.315 

0.  136 

0.020 

0.  471 

0.392 

6.203 

1977 

4.9  68 

0.31S 

0.047 

5.  330 

3.995 

10* 193 

19  78 

0.250 

0.  470 

0.071 

0.792 

0.  474 

10.672 

1979 

0.258 

0.  598 

0.092, 

0.947 

0.490 

11.162 

1980 

5.232 

0.726 

0.  114 

6.072 

2.964 

14. 126 

1981 

0.274 

0.873 

0.  139 

1.2B6 

0.  499 

14.  625 

1982 

0.282 

1.021 

0.  166 

1. 470 

0.  494 

15.119 

1983 

5.921 

1.218 

0.202 

7.-  342 

2.339 

17.459 

1984 

0.299 

1.426 

0.241 

1-966 

0.  497 

17.956 

1985 

0.  308 

1. 579 

0.270 

2.  157 

0.474 

18.430 

1986 

6.406 

1.765 

0.310 

8.  481 

1.765 

20. 194 

1987 

0.327 

2.050 

0.368 

2.  745 

0.454 

20.648 

1988 

0.  337 

2.  163 

0.39  6 

2.89  5 

0.  416 

21.065 

1989 

7.327 

2.398 

0.448 

lOi 173 

I.  385 

22.450 

1990 

0.  357 

2.  627 

0.  500 

3.  48  3 

0.378 

22.828 

1991 

0.368 

2.876 

0.  557 

3.800 

0.35S 

23. 186 

1992 

7.703 

3.047 

0.  603 

11. 353 

1.011 

24.  197 

1993- 

0.  520 

3.497 

0.  704 

4.  722 

0.337 

24.534 

4994 

0.  536 

3.738 

0.  769 

5.  043 

0.  313 

24.847 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

escalated  prices 

ESCALATED  PRICES 

NON- DISCO UN TED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

34. 8 66. 

47.  765 

18.450 

LESS 

KESID.  value 

24. 410 

35. 713 

2.  182 

NET  CAPITAL  COSTS 

10. 456 

12.  052 

1 6.268 

COSTS 

FOR  FUEL 

2.  721 

6.  021 

0.946 

OTHER 

OP.  COSTS 

0.000 

0.000 

0.000 

maintenance  costs 

20.243 

32. 558 

5.451 

TOTAL 

COSTS 

33. 420 

50.  631 

22. 665 

CUMULATIVE  SERVICE  DELIVERED  = 

48. 

79  100 

average  UNIT 

COSTS  FOR  THE 

20  YEAR  PERIOD  FK^M 

1975  TO 

1994 

1973  PRICES  ESCALATED  PRICES  ESCALATED  PRICES 


NON-DISCO UNTED 

.N0N-D1SC0UNTED 

DISCOUNTED  TO  19  75 

CAPITAL  EQUIP. 

0.  715 

0.979 

0.370 

LESS  KESID.  VALUE 

0.500 

0.  732 

0.045 

net  CAPITAL  COSTS 

0.214 

0.247 

0.333 

OOSIS  FOR  FUEL 

0.056 

0.  123 

0.019 

OTHER  OP.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

0.  415 

0.667 

0*112 

total  costs 

0.  68  5 

1.038 

0.465 

PAG£I  IS 
0^  POOR  QGALTO 
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TABLE  E-25.“  Concluded 


(b)  Escalation  ratio  of  15  percent 

FUEL  CaST  IS  loa.oo  CENTS  PEK  MBTU,  WITH  ESCALATI0N  RATI0  0*150 
THIS  RUN  made  11/30/73 

D.  S.  F.  ANALYSIS  F0R 

CaNVENTI0NAL  WASTE  WATER  SYSTEM  - 11/29/73 

CaST  FLOW  TABLE 
(ALL  COSTS  IN  S X 10E6) 


INVESTMENT  MAINTENANCE  0PERATI3NS 

TOTAL  1 

PRESENT  1 

CUMULATIVE 

YEAR 

C0ST 

COST 

COST 

C0ST 

VALUE 

P.  V.  COST 

1975 

5 . 7 79 

0-033 

0.  006 

5.818 

5.813 

5.813 

1976 

0.315 

0.  136 

0.028 

0.479 

0.  398 

6.211 

19  77 

4.968 

0.315 

0.074 

5.  357 

4-012 

10.223 

19  78 

0.250 

0.  470 

□ . 1P3 

0.843 

0.504 

10.727 

19  79 

0*258 

0.  593 

0.  174 

1.029 

0.  531 

1 1.258 

1980 

5.232 

0.  726 

0.236 

6.  193 

3.017 

14.275 

1981 

0.27^ 

0.873 

0.  316 

1.  463 

0.  565 

14.840 

1982 

0.282 

1 . 02 1 

0.413 

1.716 

0.  575 

1 5.415 

198  3 

5-921 

1.218 

0.  550 

7.  690 

2.  438 

17.8  53 

1984 

0.  299 

1. 426 

0.  719 

2.  444 

0.  615 

18. 469 

198  5 

0.  308 

1. 579 

0.882 

2.  769 

0.  605 

19.074 

1986 

6.  406 

1.765 

1-109 

9.  280 

1.9  14 

20.988 

1987 

0.  327 

2.050 

1. 439 

3.816 

0.  628 

21.616 

1988 

0.337 

2.  163 

1.69  7 

4.  196 

0.^00 

22.216 

1989 

7.327 

2.  398 

2.  101 

11.827 

1. 589 

23.805 

1990 

0.  357 

2.  627 

2.569 

5.  552 

0. 599 

24. 404 

1991 

0*  368 

2.876 

3.  136 

6.380 

0.  598 

25.002 

1992 

7.  703 

3.047 

3.717 

14. 467 

1.262 

26.264 

1^93 

0.  520 

3.49  7 

4-757 

8.  775 

0.  622 

26.886 

1994 

0.536 

3.738 

5.  688 

9.962 

0.  614 

27.500 

C0ST  TOTALS  F0R  THE  20 

YEAR  PERIOD  FROM  19  75  T0 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DISC0UNTED  N0N- 

DISCOUNTED 

DISCOUNTED  TO  19  75 

CAPITAL  EQUIP. 

34.866 

47. 76S 

•18.450 

LESS 

RESID.  value 

24. 410 

35. 713 

2.  182 

NET  CAPITAL  C0STS 

10. 456 

12.052 

16.268 

COSTS 

F0R  FUEL 

2.  721 

29.734 

' 3-  599 

0THEH 

0P.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

20.243 

32. 558 

' 5.451 

T0TAL 

C0STS 

33. 420 

74. 344 

25.318 

CUMULATIVE  SERVICE  DELIVERED  = 

48. 

79100 

AVERAGE  UNIT 

COSTS  F0K  THE 

20  YEAR 

PERIOD  FROM 

1975  T0 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DI SCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

0.  71  5 

0.9  79 

0.378 

LESS 

RESID.  VALUE 

0.  500 

0.  732 

□ ,□45 

NET  CAPITAL  C0STS 

0.214 

0.  247 

0.333 

eg  STS 

F0R  FUEL 

0.056 

0.  609 

0.074 

OTHER 

gp.  COSTS 

0.000 

0.000 

0.000 

MAINTENANCE  C3STS 

0.  415 

0.  667 

0.  1 12 

TOTAL 

C0STS 

0.685 

1.  524 

0.519 

OEIGINAL  PAGE  IS 
OF  POOE  QUAUrXi 


E-73 


TfiBLB  E-26.-  COMVBUTIOHfiL  HaSTEBSTEH  SXSTEtl  (INPOTS  TO  DCF  PROGBiH) 


Year 

capital. 

Useful 

1973  $ 

life. 

yr 

2.974X10® 

2.473 


2.974 

1.440 


2.  974 
M.280 


2.  974 
1.432 


2.974 

1.388 


2. 974 
1.592 


t2. 974 
1.419 


OSN, 
1973  S 
(2) 


3.993x109  0.0303x10®  0.073x109 

15.972  .121  .292 

35,833  .272  .656 


51.965 

63,999 

75.486 

88.067 

100.101 

115.964 

131.827 

140.379 

1S3.707 

173.399 

177.775 

191.450 

203.484 

216.065 

222.629 

247.791 

257.637 


1.000 

1.075 

1.167 

1.316 

1.348 

1.451 

1.543 
1 .640 
1.687 

1.880 

1.951 


.950 

1.170 

1.380 

1.610 

1.830 

2.120 

2.410 

2.590 

2.81 


‘Fuel  at  54.7  Btu/gal, 

^Treatment  plant  O&Hi  Labor,  21.7tf/1000  gal;  cheraicals 
7.2i*/1000  gal;  miscellaneous,  7.2s:/1000  gal.  Collection 
system  06H,  5. 4j«/l000  gal.  Electrical  power  costs  were 
included  in  the  electrical  power  system  costs. 


TIBLE  E-27.-  COWVESTIOPil  SIJISTEB4TEH  S?STEB  (AHHDAl.  C4PIT4E  OOTLJYS) 


Year  Description 

Hajor  component 
capital  cost, 
1966  $ 

Total  capital  cost 

1966  $ 

1973  S 

1975  Village  4 first-yr  developaent; 

Three  neighborhood  subaains 

21  1 T ft  of  8 -in.  sever  at  $7/ft 

147  B4Q 

3750  ft  of  10-in.  sewet  at  $8.2S/ft 

30  938 

210c  ft  of  15-in.  sever  at  $10/ft 

21  000 

Village  center  A subnains 

1500  ft  of  B-in.  sever  at  $7/ft 

10  500 

1B50  ft  of  15-in.  sever  at  510/ft 

18  500 

1100  ft  of  18-in.  sewer  at  510. 50/ft 

11  550 

550  ft  of  24-in.  sever  at  S 14/ft 

7 700 

Village  center  A main 

97  subnain  nanholes 

77  600 

Lift  stations 

Six,  B-in.  village  A subpains 

90  000 

Three,  15-in.  village  A suboains 

150  000 

Village  center  A laterals 

1900  ft  of  a-in.  sever  at  $7/ft 

13  300 

Village  center  A lateral 

15  nanholes 

6 000 

Heighborhood  developpent: 

25  700  ft  of  0-in.  laterals  {one-tbitd) 

179  900 

96  nanholes  (one-third) 

38  400 

Hains; 

3500  ft  of  24-in.  sewer  at  S14/ft 

49  000 

3350  ft  of  27-in.  sever  at  Si  6, 50/ft 

55  275 

1650  ft  of  30-in.  sever  at  S19/ft 

31  350 

3500  ft  of  42-in.  sever  at  S30/ft 

105  000 

6060  ft  of  54-in.  sever  at  S42. 60/ft 

258  156 

4600  ft  of  6D-in.  sever  at  SUB.fO/ft 

233  280 

460C  ft  of  66-in.  sewer  at  S56. 10/ft 

269  280 

Hanholes  alono  sains; 

38  oanboles  along  highway  to  plant 

30  400 

47  nanholes  in  town  center 

37  600 

1.873X10“ 

2,473x10® 

2rl0*-gal/day  treatnent  plant 

2 253  000 

2. 253 

2.974 

1976  Village  A; 

one-third  of  neighborhood  developnent 

218  300 

.2183 

.2882 

1977  Village  a; 

One-third  of  neighborhood  development 

216  300 

Village  B fitst-yr  development 

5B4  928 

(same  as  village  A 1975) 

neighborhood  development; 

19  275  8-in.  laterals  (one-fourth) 

134  925 

72  manholes  (one-foucth) 

28  BOO 

Hains: 

1800  ft  of  30-in.  sever  at  519/ft 

34  200 

2400  ft  of  33-in.  sewer  at  $20. 25/ft 

48  600 

500  ft  of  36-in.  sewer  at  $21. 50/ft 

10  750 

Hanholes  along  mains: 

11  manholes  for  interceptor  to  village  s main 

8 800 

Town  center  laterals: 

4650  ft  of  e-in.  sewer  at  S7/ft 

32  550 

2100  ft  of  10-ln.  sewer  at  $8. 25/ft 

17  325 

600  ft  of  12-in.  sewer  at  S9/ft 

5 400 

Village  B subtractive  delta  from 

first-yt  development: 

1300  ft  of  15-in.  sever  at  $10/ft 

-13  000 

1100  ft  of  18-in.  sewer  at  SIO. 50/ft 

-11  550 

550  ft  of  24-in.  sewer  at  SI  4/ft 

-7  700 

Three  village  B oains 

-2  400 

1.090 

1-440 

2m10*-gal/day  treatnent  plant 

2 253  000 

2.  253 

2,974 

1978  Village  B; 

One-fourth  of  neighborhood  development 

163  725 

. 1637 

.2161 

1979  Village  B: 

One-fourth  of  neighborhood  developnent 

163  725 

.1637 

-2161 
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TABLE  B-27*-  Continued 


Year 

Description 

Major  coaponent 
capital  cost, 
1966  S 

Total  capital  cost 

1966  * 

1973  S 

- f 

1900 

village  B; 

— 

One-fourth  of  neighborhood  developoent 

163  725 

Village  C first-yr  developoent 

584  928 

(sane  as  village  A 1975) 

Meighborbood  developoent 

163  725 

(saoe  as  1977) 

Hains i 

7200  ft  of  24-in.  sewer  at  S1ft/£t 

100  BOO 

Manholes  along  aains: 

^ ' ' ■ : • . 

11  oanholes  froQ  village  C sain  to  village  B 

8 800 

, • 

Village  C subtractive  delta; 

Three  oanholes 

-2  400 

Lift  station; 

Village  C aain  to  village  B 

-50  000 

0.970x10* 

1.280X10* 

2x104-gal/aay  troatoent  plant 

2 253  000 

2.253 

2.974 

1981 

Village  C: 

One-fourth  of  neighborhood  developoent 

163  725 

.1637 

.2161 

1902 

Village  C: 

One-fourth  of  neighborhood  developoent 

163  725 

. 1637 

.2161 

1983 

Village  C: 

one-fourth  of  neighborhood  developoent 

163  725 

■ 

Village  D fitst-yr  developoent 

584  928 

(saoe  as  village  A 1975) 

neighborhood  developoent 

163  725 

(sane  as  1977) 

Mains; 

2250  ft  of  42-in.  sewer  at  S30/ft 

67  500 

Manholes  along  aain: 

iy 

Eight  oanholes  froo  village  B to  interceptor 

6 409 

Five  oanholes  froo  village  D to  interceptor 

4 009 

'&■  r ■ 

village  D subtractive  delta: 

650  ft  of  15-in.  sewer  at  ElO/ft 

-6  509 

50  ft  of  18-in.  sewer  at  $10. 50/ft 

-525 

’ 'V: 

50  ft  of  24-in.  sewer  at  $14/ft 

-700 

Three  oanholos 

-2  400 

lift  station; 

One,  42-in.  sewer 

105  000 

Laterals  off  nail: 

300  ft  of  8-in.  sewer  at  $7/ft 

2 100 

1.087 

1.435 

2x1  C)4-g(,i/'aay  tieatnent  plant 

2 253  OCO 

2.253 

2.974 

198U 

Village  D: 

oiiG-fourth  of  neighborhood  developoent 

163  725 

.1637 

.2161 

1965 

Village  D; 

Oue-fourth  of  neighborhood  developoent 

163  725 

.1637 

.2161 

1986 

Village  D: 

Oiie-fourtb  of  neighborhood  developoent 

163  725 

Village  E first-yr  developoent 

584  928 

(sane  as  village  A 1975) 

Neighborhood  developoent 

163  725 

- . 

(saoe  as  1977) 

Hains; 

6000  ft  of  24- in.  sewer  at  SI  4/ft 

84  000 

, ' 

Manholes  along  nains: 

Bight  oanholes  froo  village  £ to  town  center 

6 400 

Village  D subtractive  delta; 

Three  tmnholes 

-2  400 

Lift  station: 

one,  24-in.  sewer  to  town  center  oain 

50  000 

1.051 

1.3BS 

2s10»-gal/day  treatoent  plant 

2 253  000 

2.253 

2.974 

1987 

Village  E; 

One-fourtb  of  neighborhood  developnent 

163  725 

.1637 

.2161 

1988 

Village  E: 

one-fourth  of  neighborhood  developaent 

163  725 

. 1637 

.2161 

1989 

Village  B; 

One-fourtb  of  neighborhood  developaent 

163  725 

Village  ? first-yr  developasot 

584  920 

t'V, 

, <sane  as  vlllago  A 1975) 

) uei^hborbood  dovelopBent 

163  725 

(saae  as  1977) 

V-  >;'• 

Hains: 

V'C, 

" bflOO  ft  of  29-in p sewer  at  SI  4/ft 

67  200 

r 4000  ft  of  36-in p sawBC  at  SZ1- 50/ft 

103  200 

i'-'l 
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TiBLB  B-28.-  COBVEHTIOBAt  BASTEUiTEB  SYSTEH  {COHPOHBUr  CiPITU,  COSTS} 

(a.)  Sowec  ■alns 


coaponent 

guantity,  ft 

Cost,  1966  $ 

Seuer<  8-in-: 

147  B40 

21  nGighborbooa  nains,  7040  ft  eo. 

Seven  village  centet  Bains«  1500  ft  ea. 

10  500 

Seven  village  center  laterals,  1900  ft  ea- 

13  300 

21  nelghborbooO  laterals,  25  700  ft  ea- 
Town  center  lateral,  4650  ft 
Office  nail  lateral,  300  ft 

S39  700 
4 650 
300 

Total 

716  290. 

5 014  030 
(7. 00/ft) 

Sewer,  l0-in.! 

26  250 
2 too 

2 BOO 

21  neigbborhaoi  aains,  1250  ft.  ea. 
Town  center  lateral,  2100  ft 
Office  mall  laterals,  2600  ft 

Total 

31  150 

2S6  907 
(0. 25/ft) 

Sewer,  12-in.: 

5 400 
(9.00/ft) 

TouQ  cQtitec  laterals#  600  ft 

Sever,  15-in.; 

14  700 

21  neighborhood  nains,  700  ft  ea. 

Seven  village  center  nains,  1850  ft  ea. 
Sabtractive,  village  B 
Subtractive,  village  D 

12  950 
-1  300 
;650 

Total 

25  700 

257  000 
(10.00/ft) 

Sever,  18-in.; 

7 700 
-1  IOC 
-50 

Seven  village  center  nains,  1100  ft  ea. 
Subtractive,  village  B 
subtractive,  village  D 

66  775 
(10.  50/ft) 

Total 

6 550 

Sever,  24-in.: 

Seven  village  center  nains,  550  ft  ea. 
Hains 

subtractive,  village  B 

Subttnetive,  village  D 

Bains 

Bains 

Hains 

Bains 

3 050 

3 500 
-S50 

-50 

6 OOO 

4 300 
4 BOO 

7 200 

Total 

29  550 

413  700 
(14,00/ft) 

Sewer,  27- in.: 

Bains 

3 350 

55  275 

(16.  so/ft) 

Sewer,  30-in,: 

Bains 

Tillage  B nains 

1 650 
1 800 
3 450 

65  550 
(19. 00/ft) 

Sewer,  33-in.: 

Tillage  E aains 

2 400 

4B  600 
(20.25/ft) 

Sever,  36-in. ; 

Tillage  B nains 
Bains 

500 
4 800 

Total 

Sever,  42-in.: 
Bains 
Total 

5 300 
5 750 

113  950 

(21. so/ft) 

172  500 
(30. 00/ft) 

Sewer,  54-in.; 

Bains 

6 060 

250  156 
(42.60/£t) 

Sewer,  60-in.: 

Bains 

4 800  . 

233  260 
(48.60/ft) 

Sever,  66-in.; 

Bains 

4 800 

269  280 
(56, 10/ft) 
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TADIB  E-28.-  Concluded 
(b)  Honboles  and  lift  stations 


Component 

Quantity,  ea- 

Cost,  1966  £ 

Hanholes  foe  sewer  nainst 

Vlllaoe  Bains 

679 

Freeway  to  plant 

38 

Town  center 

07 

Village  8 sain  to  interceptor 

11 

Subtractive,  village  B 

-3 

Village  C aain  to  village  B 

11 

Subtractive,  village  D 

-3 

Village  B aain  to  interceptor 

13 

Village  £ aain  to  town  canter 

- 8 

Subtractive,  village  £ 

-3 

Village  F rain  to  village  0 

15 

Hain  to  village  F interceptor 

7 

Subtractive,  village  F 

-3 

subtractive,  village  C 

-3 

Subtractive,  village  G 

-3 

Total 

811 

6nE  800 
(800/ea.) 

Other  sanholes: 

Village  centers 

105 

Heighborhoods 

2 016 

2 121 

848  400 

(400/ea.) 

Lift  stations: 

village  sewer  mains,  8-in.,  at  515  000  ea. 

42 

630  000 

Village  sewer  mains,  15-in,,  at  £50  000  ea. 

21 

1 C50  000 

Main,  2H-in.,  at  S50  000  ea. 

2 

100  000 

Hain,  92-in. 

1 

105  000 

Main,  36“ia. 

1 

90  000 

(c)  Cost  saonairy 


Total  collection  systeo  capitali  1986  ...  10  704  683 

Total  collection  systeo  eepltalf  1973  £ . . ' lit  130  1B1 

Tceatsont  plant  capital,  1973  S 20  S18  000 


41 

fl 


OWgbtai, 


oFponn  B 
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TABLE  E-29.-  COST  SDHHAEX  OF  CONVENTIONAL  BASTEHATER  SYSTEH  EQDIPHBNT 


Diameter, 

in. 

Quantity, 

ft 

Unit  price, 
1966  $ 

Total  cost, 
1966  $ 

8 

716  290 

7.00 

5 014  030 

10 

31  15C 

8.25 

256  987 

12 

600 

9.00 

5 400 

15 

25  700 

10.00 

257  000 

18 

6 550 

10.50 

68  775 

24 

29  550 

14.00 

413  700 

27 

3 350 

16.  50 

55  275 

30 

3 450 

19.00 

65  550 

33 

2 400 

20.25 

48  600 

36 

5 300 

21.50 

113  950 

42 

5 750 

30.00 

172  500 

54 

6 060 

42.60 

258  156 

60 

4 800 

48.60 

233  280 

66 

4 800 

56.10 

269  280 

Hanholes  and  lift  stations 


Item  description 

Quantity, 

ea. 

Unit  price, 
1966  $ 

Manholes  along  mains 

811 

800 

Other  manholes 

2121 

400 

Lift  stations  for  8-in.  mains 

42 

15  000 

Lift  stations  for  15-in.  mains 

21 

50  000 

'Lift  stations  for  24-in.  mains 

2 

50  000 

Lift  stations  for  42-in.  mains 

1 

105  000 

Lift  stations  for  36-in.  mains 

1 

90  000 

Total  cost, 
1966  $ 


648  800 
848  400 
630  000 
1 050  000 
100  000 
105  000 
90  000 


(c)  Cost  summary 

Total  collection  system  capital,  1966  $ 

Total  collection  system  capital,  1973  $ 

Seven  treatment  plants  at  $2  974  000  ea.,  1973  $ . . . . 

Total  capital  cost,  1973  $ 


10  700  000+ 
14  124  000+ 
20  818  000 
34  942  000 
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TABLE  E-30,-  CONVENTIONAL  HVAC  SYSTEM  COSTS  (DCF  PROGRAM  OUTPUT) 
(a)  Escalation  ratio  of  5 percent 

FUEL  COST  IS  102.00  CEMTS  PER  MBTUj  WITH  ESCALATION  RATI0  0-050 
THIS  RUN  MADE  12/  4/73 

D.  C.  F.  ANALYSIS  FOR 
COilVENTIONAL  HVAC  - 19/4/73 

COST  FLOW  table 
(ALL  COSTS  IN  S X 10E6) 

INVESTMENT  MAINTENANCE  0PERATI0NS  TOTAL  'PRESENT  CUMULATIVE 


YEAR 

COST 

COST  C0ST 

COST 

VALUE 

P.  V.CS ST 

1975 

1.773 

0.  178 

0.006 

1.9  57 

1.933 

1.933 

1976 

2.244 

0.  426 

0.021 

2*69  2 

2.290 

4.223 

1977 

3.  540 

0.808 

0.038 

4.  387 

3,234 

7.  457 

19  78 

1.802 

1.024 

0.052 

2.  8 78 

1.800 

9.257 

1979 

3.  627 

1. 334 

D.OSO 

5.  041 

2.777 

12.033 

1980 

3.  426 

1. 739 

0,098 

5.263 

2.  498 

14. 531 

198  1 

1.913 

1.985 

0.  120 

4.017 

1. 618 

16.  1 49 

1982 

1.960 

2.251 

0.  138 

4.349 

1 . 518 

17. 667 

1983 

3.840 

2.  728 

0.  174 

6.  742 

2.080 

19.747 

1984 

4b003 

3.  104 

0.205 

7.  313 

1.956 

21 . 703 

198  5 

1.941 

3.  401 

0.  228 

5.  570 

1.260 

22.963 

198  6 

4.230 

3.951 

0.268 

8.  450 

1 . 698 

24. 661 

198  7 

2.  320 

4.303 

0.299 

6.9  22 

1.181 

25.842 

1988 

2.  180 

4.  657 

0.328 

7.  165 

1.059 

26.901 

1989 

6.  486 

5.  345 

0.  374 

12. 205 

W 619 

28. 520 

1990 

2.  704 

5.783 

0.415 

8.903 

0.995 

29. 515 

1991 

2.  59  6 

6.  227 

0.  465 

9.288 

0.899 

30. 414 

1992 

5.578 

6.98  5 

0.  525 

13.  089 

1.  125 

31 , 540 

1993 

3.  483 

7.  551 

0,  576 

1 1. 609 

0.852 

32.  392 

1994 

3.  300 

8.  115 

0.  623 

12.038 

0.  766 

33. 1 53 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  T0 

1994 

1973  PRICES 

ESCALATED  PRICES 

escalated  PRICES 

NON-DI SCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

44.271 

62.947 

20.056 

LESS  : 

RESID.  VALUE 

44,270 

64.834 

3.9  61 

NET  CAPITAL  C0STS 

0,000 

- 1.888 

16.094 

03  STS 

FOR  FUEL 

2.281 

5.035 

0.  79  7 

OTHER 

OP.  Costs 

0.  000 

0.  000 

0.000 

maintenance  costs 

44.833 

71.89  5 

12.305 

TOTAL 

CO  STS 

47.  114 

75.  042 

29 . 1 9 6 

CUMULATIVE  SERVICE  DELIVERED  = 

1. 

44637 

AVERAGE  UNIT 

COSTS  FOR  THE 

SO  YEAR 

PERIOD  FROM 

1975  T0 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

30.  608 

43. 520 

13.866 

LESS  , 

RESID.  VALUE 

30. 608 

44.826 

2.7  39 

NET  CAPITAL  COSTS 

0.  000 

- 1.  305 

11.127 

COSTS 

for  fuel 

1. 577 

3.  43  1 

0.551 

OTHER 

OP.'  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

30.997 

49. 707 

8.507 

TOTAL 

COSTS 

32. 574 

51.833 

20.  186 

TABLE  E-30,-  Concluded 


(b)  Escalation  ratio  of  15  percent 

FUEL  eg  ST  IS  102.00  CENTS  PER  MBTU:*  WITH  ESCALATION  RATIO  0.150 
THIS  RUN  MADE  12/  A/73 

D.  C,  F.  analysis  FOR 
CONVENTIONAL  HVAC  - 12/4/73 


COST  FLOW  TABLE 
(ALL  COSTS  IN  S X 10E6) 


I^JVESTME^^T  MAINTENANCE  OPERATIONS  T0TAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST 

COST 

eg  ST 

VALUE 

P.  V.  COST 

1975 

1.773 

0.  i78 

0.008 

1.9  59 

1.9  35 

1.935 

19  76 

2.  244 

0.  426 

0-  030 

2.  701 

2.  29  7 

4.232 

19  77 

3.  540 

0..808 

0.060 

4.  409 

3.  248 

7.  480 

19  78 

1.802 

1.024 

0.  090 

2.916 

1.822 

9.301 

1979 

3.  627 

1. 334 

0,  150 

S.  1 11 

2.812 

12.113 

1980 

3.  426 

1. 7 39 

0.  204 

5-  368 

2.  543 

1 4. 656 

1981 

1.9  13 

1.98  5 

0.271 

4.  169 

1. 675 

16.331 

19  8 2 

l.,960 

2.  251 

0.  343 

4.  554 

1. 585 

17.916 

1933 

3.’S40 

2.728 

0.  475 

7.042 

2.  1 65 

20.082 

1934 

4.  003 

3.  104 

0.  61 1 

7.719 

2.056 

22.  138. 

198  5 

'1.941 

3.  401 

0.  742 

6.  085 

1.370 

23.508 

1986 

4.  230 

3.951 

0.959 

9.  141 

1.827 

25. 336 

1987 

2.  320 

4.  303 

1.  170 

7.  79  3 

1. 323 

26. 659 

1988 

2.  180 

4.  657 

1.406 

B.  243 

1 .'"2  n 

27.870 

1989 

6.  466 

5.  345 

1. 758 

1 3.  588 

1. 790 

29. 659 

1990 

2.  704 

5.783 

2.  137 

lol 624 

1.179 

30.838 

199  1 

2.  596 

6.  227 

2.  618 

1 1. 441 

1.099 

31.937 

1992 

5.  573 

6.985 

3.  238 

15.802 

1 . 344 

33.282 

199  3 

3.  48  3 

7.  551 

3.888 

14.  922 

1. 08  5 

34. 367 

199  4 

3.  300 

B.  US 

4.  612 

16. 027 

1.010 

35.377 

COST  TOTALS  FOR  THE  ■ 20 

YEAR  PERIOD  FROM  19 

75  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DJ  SC0UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

44.  271 

62.  947 

20.056 

LESS 

RESID.  VALUE 

44.  270 

64.834 

3.961 

NET  CAPITAL  COSTS 

0.  000 

- 1. 888 

16.094 

COSTS 

FOR  FUEL 

2.  28  1 

24.  772 

3.016 

OTHER 

0P.  COSTS 

0.  000 

0.  COO 

O.OQO 

MAINTENANCE  COSTS 

44.  833 

71.89  5 

12.305 

TOTAL 

CO  STS 

47.  1 14 

94.  780 

31.415 

cumulative  SERVICE  DELIVERED  = 

1. 

44637 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

30.  608 

43.  520 

13.866 

LESS 

RESID.  VALUE 

30.  608 

44.826 

2,  739 

NET  CAPITAL  COSTS 

G.  000 

- 1.  305 

11.127 

COSTS 

FOR  FUEL 

1. 577 

17.127 

2.085 

OTHER 

0P.  COSTS 

0.  000 

0.000 

O.OQO 

MAINTENANCE  COSTS 

30.  997 

49. 7 0 7 

8. 507 

total 

COSTS 

32. 574 

65.  530 

21 . 720 

u 
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TABLE  E-31.-  CONVENTIONAL  HVAC  SYSTEM  INPUTS  TO  THE  DCF  PROGRAM 


t?a 

I 

00 

w 


YEAH 


CflPiTal. 

* r in  I 


FltFL 

....  . 

fpTiJ  X in  1 


Et.*"CTKTCTTY 

. . *-6._ 

(KWH  X JO  I 


„ .OTHER  ..0-AN0“M, 

InCLuDIhg  labor 

. .. 

(JY75  S3  10  ■ ) 


.man  years. 
10-ahd-m) 


_A/C_CAPACITV. 

ITONbI 


1 97b 

1 •671? 

B.  3 J 

• nnn 

,1676 

1*17 

5059, 

1976  . 

,'>ef]r,«0.  . .. 

.16*91 _.  , 

• non 

,37fl9.._ 

6.33 

1 IBB/. 

1 97/ 

1 <i*;b 

79*39 

*pno 

.6973 

1 1 *no 

21372, 

1978.  . . 

I . 

. 3P  * 1 n ._  

*onn 

,B576  

15*67  _ _ . _ 

266C1B, 

1 97Y 

3 *n37P 

55*90 

.nnn 

! .0855 

20*33 

35976, 

1 9Bt) 

7*7»^6 

65*30.  ...  

• nop  . ^ . ... 

1 ,3776  . 

25.50  

53027. 

1 9m 

1 •?i1  nn 

75*6? 

• nnn 

1 .5712 

20.1  / 

50753, 

! *# flit  » 

) * Rr>^f» 

R 1 .p-J 

■ poo  .. 

J , A75P 

31.33  . 

, 53960, 

1 9«  8 

7 • ppTri 

ipn.on 

*pnn 

1 19705 

37.00 

63232. 

19B*)  .. 

7 *897  7 — 

1 1 7.0,3,  

• pno  

7,1773  

51.17,  . , 

. /P532, 

1 9A6 

I *3A« A 

118*31 

.non 

2.3159 

53.33 

75P69, 

1986 

7»Bnn7  

.137*95..-. 

.000  

2,6173..  

59.00  

0531  1 • 

19H/ 

I ♦ A ?-  3 7 

lMn.9P 

»pnn 

7,761fl 

51.67 

69387, 

1?6» 

1 *3995  ...  ^ 

I 97.39  - 

*nno  

2,9019  . 

53.03  ....  . 

93955, 

1 9P  Y 

9 • n <l  1 7 

16n,  1 7 

•non 

3,2336 

59.50 

105367, 

19  9U  , _ 

1 

169*?  A., 

• POO 

3,39  66  . ..  . . . 

63.1 7 

1 10P93, 

1 99  1 

1 *P79A 

1 pn, 3P 

*nnn 

3*SS  1 2 

66.33 

1 I553U, 

I 992 

..3  » I m 7 

1 93,q7  

• pnp  

3,8676  

70.67  

125355. 

1 99  J 

1 *9‘>p3 

207*53 

• non 

5,059 1 

73.63 

131563. 

1999 

.1*7737. .. 

.200*91 

• nOQ 

5.2355 

7 6.00 

1 36962, 

Matrix 


TABLE  E-32.-  COlWENTIOWAL  HVAC  SYSTEM 
(a)  Input  data  array 


-tit)  ti-D-ltu;— 


£LFCTffTC*t. 
• KATF 


M 

1 

03 

-P- 


1 

7 Tnf'N  Hniise 

S - (iloOFTM  -AFAR  IHFNT 
•*  F|  rWFHTP'f  stHnPL 

UTI  L H!  RISfc-.APT. 

A MTFOIF  FTKOUl. 

-.7  . wtr.H  SFHnot. 

" ''It  L PFFICF  PLOfi 
.-.^.--oprREATfON  CEHTp 
(fl  *:Mr.ppT«Jf;  CF^TFR 
. M—  fniLffiP  -- 
1?  *:MnPPTMP  MAUL 


FUEl 

RATF  3/H«Ti)  . 

J.0700 
» .OKfiP 
t ,f)7Pn 

I ,D2an 

1 e02nn  — 

) .02on 
— i.npftn 
1 

1 ,02no  — 

T *02nn 

j ,ozon  — 

i.oznn 


|_»ttnR  RATE 
. f /man-vfar 

iDian.o 

lnifin,n 

— tntnn.o 

imo".n 

jnlO''.n. 

intnM.n 

inlrm.D 

tnipp.n 

— ini  nn.li 
tnirn.f) 

.triinn,o., 

inino.n 


■ -l.A 
1*> 
- 19 
|A 

-17- 

rtFFlCF  PIlIUUtMG  — 
Ml  »ISF  INW 

.tionn 

,nnnn 

l«o?no  -- 

I .0700 

— ^ injno.o 
ininn.fi 
inipn.fi 
inlop.P 

t n > n»»  ^ A 

HOCPITAt 

*onnn 

1 *o?nn 

t * 0?OP 

ftXC-C» PACITY- 

-AyC.,POt!E«— 

AMNUAL 

HrAT-MeYM 

ELgCTBTftTT 

_j».ersonnei_ 

CAPITAL 

KAINTAINENCe 

•nUtUtMNG 

Toms 

KAr 

1CPH  R .0001 

MFN 

9 X.OOl 

9 A*Ot 

1 

FTmGLF  family 

.i»nr< 

6.37 

,nO 

• nnnn 

,00 

1,590 

1,5900 

-..7 

TrtioM  House  

. . 3»0n 

. S»37 

,nn  . 

. .onnn 

, ,00 

. ,667  . 

,6919 

t 

RAoOFM  APARIMFMT 

7»nn 

3.2<( 

.no 

.nnnn 

,00 

•550 

.3050 

— H. 

-_.Ft.FHFMTRV  SCHOOL-- 

— 9n«nn - 

lOF.RP  

. BnS.no  ™ 

.norm.  — ^ 

,so 

„_2fl»350_ 

6.6760 

9 

Vtl L Ml  RISC  APT 

son •no 

597. nn 

?3F3.?n 

• noon 

,33 

79,753 

27,3500 

■ on 

-3Monn.  - . 

1 

- . « nnnn 

_.S0 

6 J ,H3B 

20.5900 

7 

M-TOH  STKOOL 

zsi .nn 

331 .OP 

197A.9C 

.nnnn 

,50 

61*936 

20,5700 

1 , cp 

onnnn 

1 .m] 

. 102*506  . 

36.23nn 

PFrHFATTOM  CFsiTR 

2/:,f,«nn  " 

31 H .nr 

OABjO*. 

.OfJPO 

,60 

99,122 

I6.'6l00 

‘ m 

CMriPPtHc;  CFNTFR  . 

- 3fR>nn  - 

995. no  -- 

- 790, no  . 

.oonn  - - 

,su 

93, 1 96 _ 

30.O7On 

1 1 

roi  uFCfF 

M9n»no 

93“. np 

FAH.CP 

*nonn 

1.00 

69,592 

21 , 3000 

1 ? 

cunPPTu*;  MAuL 

2?7«»nn 

77V1 .on 

«n ) 6 , on 

• nnnn 

l.SO 

-13»«i569 

921  .9900 

1 1 

nertCF  TUHloipg 

09n*nri 

762.00 

1073, cn 

♦ nnnn 

1,00 

102«5n6 

36,  znno 

- t« 

Ft  R15f  1»JM  

_ bon*no 

99?. nn 

‘i376,nn 

*nnnn 

. . t .00  

78,BnO 

27.2300 

19 

1 0 RI<?r  IMN 

3j»n  »no 

MOM.np 

az^a.i-n 

.nnrn 

t .00 

67.197 

23.B500 

— 1A 

..uncp  1 TA|  . - 

ni  ‘tion 

527. nn  

."D 

.pono  

. _ 1 ,00 

_ 60.  no  - 

, 19.8200 

1 7 

MT  WISF  APARTMNT 

7an»nr» 

906 ,pp 

h727  ttin 

.nnnn 

1 ,00 

126,156 

*12,8100 

Peak 

Fuel 

Annual 

Operating 

. 

run 

oil 

consumption  man-years 

e» 


0 


TABLE 

E-32.- 

Concluded 

(b)  Input  schedule 

array 

7]  3«ftn 

.713, on 

17*17, np 

53H,0n 

536,00 

1071,00 

536.00 

536.00 

1071 

S3H*r)n 

53*1.00 

1071 ,00 

536, no 

s36,on 

1071 .no 

636.00 

53*»*0n  - 

t2‘*7,on 

713.00, 

713.00 

■ — ■ ■ 

3 711 1 On 

32*l*0n 

567.00 

7M3.00 

263.00 

6A6.no 

263 .00 

263.00 

«taA»r>n 

Z*t3,0n 

7<*T.nn 

666,00 

263.00 

763.. on 

...  *10^  .00 

. Z63.no 

?«i3*nn 

S67.on 

37n.nn 

376.00 

_ 37tt  *nn  ... 

3ZH,an 

- 567.00 

. 763,00 

263,00 

6n6.on 

263.00. 

263.00 

‘t«A*on 

2*13. nn 

?u3*nn 

6R6,nn 

263.00 

763.1)0 

666,00 

Z«3.00 

am. on  - 

567. on 

. 37»»,nn 

326 ,00 

■ - 

— 

■ . nn 

TABLE  E-33.-  COHVEHTIOHAL  HVAC  SYSTEM  ANNUAL  CAPITAL,  OSM  COSTS,  AND  HEQDIEEMENTS 

(a)  Total  annual  capital  expenditures  ($  x 10”^) 


oi'Hfiiwe  TTpr 

I SlURiE  E»Mll.r 

Z rn»'H  MOimF 
- 3 . GAPriFN  AOABTMtNx 
'*  Et,f»FMT»»  SCHOOL 

S VII.L  HI  OISE  apt 

i Hic*p|  F srnnOL 
7 mcM  SCMOOL 
“ VM  L pFFtrp  HLOg 

9 rirropAtlqlii  CENTO 

10  SHnopiMQ  fPMTtN 
-II-  Cnii  FfiF  . . 

|Z  SHOPPtHG  WALL 

- |3-..DFFTrF  AIIILOIn 
1**  HI  OtSE  JMH 

>-|S..(.ri  OjSF  IHN- 

lA  Hnep|TA| 

- |7  HI  ptSF  aPAPTNNT- 

TOTAL 


- ««l|  MHp  TYPP 

1 ' ST»'r?|  F FAMxtr 

7 — tnoM  Hti|psF_ 

3 GAPnrN  APAPTHtNT 
— — S etENFHToX'SCHOat:. 

6 Vll.t  HI  DISC  APT 
A - «mn|  F SCHOOL- 

7 H|«u  Sritnpi 
vn  L nFPtrF  RLOs- 
HFCPrATinp  CFNio 

-SHnpplNi;.  rFHTtH 
CnLLFGF 
-SHnpotNi;  -halL- 


OEFtrE  KltlLDINS 


total 

Z3riUS3B 

0. 5363 
3,  7177 

- *0273„ 

3.3ZQ6 
.0301 

t030l 

1. ‘I35I 
,3039 
.6520 
.1292 

. 0.0757_ 


TS 

_|A 

LP  PtSE  IHM 
HnsPlTA| 

• oonn 

.uorirt  — 

«nnuo 
• nooo  - 

•linnn 

■ nnof> 

,nnpn 
,nnnn 
■ nnrm  , 
,mon 

*D000 

.nnOD 
.0301 
• nnQO 

.Onoo 

.ttpno 

•□OOP... 

• or)ou 

. — .0009 

• oguD 

• oaoo. 
*unoo 

.0000 

.0000 

*2361  _ 

• 0572 

17 

HI  PTSf  iiPlHTfiHT 

.oonn 

.1252 

*nnnn 

- 1.5337  - 1 

* rj.f^op 

• nnorr 

.uoon  

.1752 

._,_.t)Onr; 

.nouo 

• ctotin 

• OHOfl 

.0000 

.onoo 

.naoi  .. 

«fiOQ6 

,3«9S 

■l.nMiz 

I.Ata? 

■ . 1.5ZS6  _ 

3.I6IZ  1 

• 72»3 

1.7737 

SS.2706 

originm; 

-87  OF  POOR  ' 


TABLE  E-33.-  Continued 


(b) 


Total  annual  maintenance  costs 


($  X 10“®) 


I’d 

Q 


,reA(j., 

BlITLftlNG  TVPf  t 

-I  51«glE  rnKitr .1098 

? Tn*<j  Hnil9F  .gZZq 

3 G»o0e»l  ApiRTnEtlT  .01?? 

“ ei.r«r«T9v  school  .gon? 

5 VltL  HI  oi*IC  A(»T  „ .iJOGG 

b nion, e qrnoOL  .nunn 

T HTHH  SCHfinL  „ .OOnn 

" VTU  OFFicr  BLOC  •■•(Inn 

9 HErorATlnM  *i|n<ln 

ID  SHnp  |«g  FPMTeit  .OOfin 

1 1 Cm  t-^RF  .Ofjnn 

T2  ShopoIMc  b»lL  .uono 

13  OFFTcF  RtiTLOIHQ  . . .gonn 

f HI  PISF  IMF)  .oonn 

15  LO  B|S£  TUI)  ..ugnn 

lA  HocpTTAt  .gnnn 

17  HI  BiSF  APiRTnriT  - .ggnn 

total  .Ifino 


7 

3 

9 

,219a 

<>1116 

.,9  939 

.PHH9 

.009(1 

,1009 

, 07*19 

.P96P 

,0961 

,0019 

.0077 

,0077 

.0109 

.0169 

,0719 

,0021 

.0071 

,0091 

.neoo 

.0021 

.0021 

.na3« 

,007? 

.0077 

.0016 

- .0016 

.0031 

.noun 

.0030 

Joo3n 

, nnori 

.noon 

.0021 

,0000 

.nn*in 

.0000 

.003*  . 

.0036 

,0077 

,noOo 

.0079 

.0027 

,na2<i 

.0079 

,0029 

.0000 

•□non 

,0*100 

.noon 

.000*0 

.noon 

.3199 

,709*; 

5 

6 

7 

♦ 5761 

•7^110 

.6233 

• 1 1/6  ' 

,i6&n 

• n6fi5 

.□936 

♦ nnjH 

• nnqn 

.UD9B 

• n2/3 

.IJ3B3 

.nrt*n 

.□□62 

• 0041 

.0062 

»nin? 

• n 1 

.□196 

• nr)3t 

*nni|7 

.□097 

«nn6U 

• nr^AH 

.□090 

• nm\ 

• 0071 

.1*021 

♦ nq?| 

• 0471 

.0‘*2t 

• nn/2 

• ^^r}9 

.0109 

• ftri27 

• rrr>77 

.0059 

• nnz*f 

• rtr>24 

.1)029 

• nnun 

• nnm 

.0010 

• nOH3 

• nri43 

.009  3 

.n79i 

J*H5l 

1 .2367 

t) 

9 

10 

,906*5 

1 .071)5 

1.1527 

,1098 

• Z1B9 

.2352 

.1029 

_ .1716 

. i3in 

.006*5 

• un6i« 

.□06R 

• 04  jn 

• 11492 

.0597 

• nn67 

• '’0B7 

. ,0082 

.□□67 

,0092 

.01**1 

• 0717 

.0717 

,nnHT 

• OnA? 

.0062 

.nn^n 

• ofivn 

.0120 

.0021 

• tmzi 

.Dn2t 

.0921 

♦ rt«2i 

.0893 

,o‘l95 

.1*195 

.ni«i 

«unu7 

,0P«2 

.{1Q29 

- .un2'i 

.0029 

.noin 

.□Olfl 

.onto 

.0093 

•nnK6 

.3595 

l«b964 

1.7615 

TCAO 


HgiLM  NR  TTPF  ... 

1 1 

12 

1 3 

J 

ST“f?|.E  FAhILT 

1 .2399 

I..3979 

1.99?| 

.2 

Tn-*M  Hoiicr  . 

• 2570 

.7556 

• 3029 

3 

5A*inF9  APAflTMtNT 

• Mm 

.1590 

• 1 6B9 

■ EUFHrMTPV  SCHQOI 

• 0075 

.POB?., 

.ODB? 

5 

VlIL  Ht-PISE  apt 

.1)607 

,0656 

• 071  T 

4 

HinoiE  CCMOOL 

• ‘jnq? 

,nt03 

• 0 1 n-i 

7 

MfRH  SCHOnt 

• unit? 

,nO«2 

.0103 

6 

*MI  1 OFFirF  bldg 

• 0217 

.n?b9 

• n?9n 

9 

KrrPrArinM  cfnIb 

• UilA7 

,nn7fl 

• nn?Q 

ID 

ShopdIng  cFOTtH 

.1)120 

.0120 

.nlSn 

It 

cm  1 cGE 

. 1)093 

.0093 

• nnti} 

12  - 

SUnPoIUG  PALL  

.0893- 

. . 

13 

OFFTFE  B*i|L01HG 

• r)i  At 

,0217 

|9 

HI  OISE  iMN  - ..  

.□097 

- .onrt? 

..  •nnR9 

IS 

LO  P(SE  I«u 

,0<1Zh 

• nn9(| 

16 

Hn«:pTT4L 

• OOln 

• no  10 

• onto 

17 

HI  9*5P  apABTHHt 

total  • 

.0996 
.(*  ;*i7 

,0129 

7.1179 

• n)  7o 
7*7HPn 

- - 19 

Itr 

16 

17 

|H 

1 V 

.1,56  93 

1.72V3 

■ l.OllS 

1 .8737 

z«n8tin 

7«  t ?bA 

,3]92 

.3528 

.3696 

.3069 

. .9256 

.1770 

.)?6S 

.?058 

.7152 

.7370 

• 244$ 

,0096... 

. .0109. 

.010*7  _ 

...  .01  16 

— ,n|J(l 

• 0137 

.0766 

.nn20 

• 0075 

.□730 

>1037 

• in94 

, .0103 

.0129 

.0129 

,0129 

.0199 

• lit  44 

.0103 

.0103 

• 0I73 

.□123 

.0123 

.019*1 

,0?9Q 

• nszA 

.0362 

.0397 

.0935 

*0«7l 

• <’n7A 

• nnv*t 

• nn94 

.□079 

.011)9 

• riiii4 

- ..  ,0150 

.01511 

.0100 

■ui6n  . 

.oittn 

,1*710 

,no4:i 

• P043 

• nn43 

.□093 

• un45 

- , 00*1,3  - 

--  .T?b4, 

- .1769  

. •1764  . 

.1264 

• 1764 

,0759 

.0259 

• n9«Jrt 

• U290 

.0270 

• «»27d 

• nnn? 

1,  .nouz 

• JlflB?  _ 

• Ufisz.. 

-.-.nu«2 

•QR«2 

.0029 

• nfiKN 

• f1fl24 

.1)029 

.0029 

• 0424 

,nni  n 

.0020 

*0070 

.1*020 

.0020 

.tm2o 

.0120 

,0)78 

• 01  ?R 

.0171 

.0171 

•m  7 \ 

7.39BI 

7.7980 

2.8912 

3.1S3P 

3..!|39 

7n 

TOTAL 

7.3059 

29.2065 

,9709 

9.7395 

.2620 

Z.7S0S 

,0193 

,1988 

.1197 

1.1651 

.0]99 

.1668 

.0199 

.1522 

.0507 

*4746 

.0107 

.1269 

.0710 

.2225 

.0093 

.0575 

,I26'I 

1.3708 

.0270 

.3978 

.0(102 

.1178 

.00  29 

.0953 

.0020 

• OZQR 

.0171 

.1755 

4a7R 

36.5105 

TABLE  E-33.-  Continued 


(c) 


Total  annual  O&M  costs 


($  X 10"^) 


aotLOlIc  T7»*£ 

.7£AR.. 

1 

2 

1 

1. 

- StMGi  E-  EAultr 

^ I09ft 

..  ,7I»* 

.4IIA 

2 

rn.M  HOilRE 

.0274 

.owe 

.0550 

^ 

. OAonrN  A0SPT«tHT, 

,02V7 

•n*tAn 

H 

ElPHrOfRY  -SCHOOL 

• 00*tT 

,m  15 

.0779 

5 

7T1.L  HI  PT5E  *I*T 

.,n2Hq  , . 

•03tA  „ 

• 4 

«lnni  c srunOL 

• iionn 

,007  1 

.no7i 

7 

HICH  SCHOOL  

• iioon 

*0000 

.no7|  . 

Ft 

*Il L OCftcP  Slog 

• uoon 

,0137 

.0771) 

9 

..  rtTrorAfinu  CCuru 

*«(ionn 

*0066 

•ooaa  

|0 

SHonoiHG  CENTER 

• ooon 

,noon 

• onn, 

- - 1 1 

COll.cOE  

.oonn 

,nnoo  . .. 

.nnnn, 

12 

SHOpolrlc  HALL 

« nfjrtft 

*nooa 

• onnr> 

. ..  . 13 

□ FFTCE  R1IIL0IKG-. 

• oeinti 

. ,0137 

. .ni3-r 

1 1 

H 1 RISE  1 MV 

• ilonn 

,noOn 

• 017ft 

-.15 

- LO  01 SF  1 MM  , . 

.000  0 

,0125  

.01 ?n  . ^ 

16 

hospital 

• oonn 

,0000 

• Oonn 

17 

HI  PTSF- ApARTHMt 

♦ iirmn 

— ,0000  — 

• nnnn  — ■ 

TOTAL 

• 1 6^*6 

,37BV 

• A07t 

9 

5 

6 

7 

» 

9 

,4939  

•S7*l_ 

.7910 

.8233  .. 

.9055 

1*0705 

,1005 

.1  I7& 

.1512 

.1680 

.1840 

.7184 

,ns*i  . 

*0655  . 

.0042 

.0V36_ 

*IQ29_ 

-.*1216 

,0729 

.n2H7 

• Oftfll 

.0401 

.11573 

,0500  

..0610 

*0732 

. . *0854 

--  —.0976 

• !P9B 

^01*17 

.0142 

.0713 

.0213 

.0713 

• VI7BH 

.0071  

.0142. 

.0(42 

...  *0213.. 

*0213 

• 1171  3 

.077*1 

• PM  1 2 

• ni;HO 

.0549 

• 11B23 

.0137 

«ai Jz  _ 

.01  9B. 

.tnvft , 

,D!9fl  , , 

.nnoi 

• PI6] 

• 0|  61 

»n29? 

• P7H7 

• fl?*!? 

,0127  

.0122 

— .0122 

mVi27t 

.0122  . . 

• 0127 

♦ n*573 

.0573 

.0573 

• U5/3 

,P77'i 

.0774 

. .0412 

.0412 

»n^H9 

*ni 

• ni7ft 

•0(  2B 

.U25* 

,P2t»6 

,0l2s  

.0125 

.0125 

.0125  , 

„„.ni25 .,... 

*ooon 

• PDLia 

• npAD 

• nn£o 

*PnfrD 

• iipAn 

,nnnn  

,0144 



n t M H _ — 

• U7»n 

,P57A  1 

• n«**s 

1 .3776 

1.5212 

1 .6750 

I .9706 

10 

1.1527 

.2352 
*1310 
,i|k73 
,I72D 
.020*1 
.07HS 
tOR23 
. .02**1 
.0322 
.0172 
,1  |M6 
.06»6 
.03ns 
.0125 
.0D*t) 

.07PB 

7.1773 


TEAR 


1 

. 8011  nlMfi  T9PF- 

SI*'GI  t FflHtLT 

1 1 

1*2349 

12 

1 ,.3999 

n 

1 .4n?i 

14  .. 

' .564,3 

15 

1.7793 

16  - 

1 *«T15 

ir 

1.6937 

10 19  „ 

7.0858  2.1956 

20 

7,3054 

TOTAL 

24.2065 

2 

Tn*"M  HOll^p 

— .2570 

- *?Bb6 

. .3024 

_ .3197 

.3628 

• 3696 

.3864 

..  ,4  256 

• «t  ft  u n 

#M7nft 

9, 939& 

3 

L.*!,. 

GAOOFM  APARTHtVT 
-ELFHFMTRV  school- 

* 1403 

.0631 

.1590 
.0745 

• 0791;.- 

* 177ft 
*nAn3 

. (9^'S 
_ .,0917 

• 7058 
— --  *0917 
.1953 

• 2152 

.73/0 

.2495 

.2670 

2.7505 

5 

9TI.U  HI  PTSe  APT 

*139? 

,1464 

.T5«6 

,170ft 

. 1 >>3U 

.2n75 

.7319 

*299] 

• 2SA3 

1*2H97 
?-  b99!l 

— ■»  6 . 

Hinoi  E srunot 

— 

,0355 

.035* 

- .0355 

.0427 

.0427 

*0427 

,PMVB 

• UftVft 

• 099D 

• S75H 

hikh  school 

.0355 

.0355 

,U926 

,fl9ZA 

• UftVT 

,0997 

*bZ59 

VTl  1.  OFFICF  BLUfi 

- .0*17.3 

,096! 

,109fi 

.1235 

• 1372 

. tisin 

...  .1647 

* I 7n»t 

• 1971 

1 , ;V77 

10 

RFPPrATlnu  CEfiTq 
^SHOPnlOG  CENttH.— 

.1)764 
>0377. 

,om» 
,P32? 

• P33| 
•P9P’, 

.0331 

,0403 

*0397 
*0903 

*pl<?7 
»PMft3 

.11397 

.1)483 

,P963 

• P«A3 

• 0«A3 

• S3SS 

t t 

college 

*11201; 

.0745 

.074S 

,0245 

.0745 

.0745 

.0745 

• n2**5i 

*02“5 

.3302 

— t 7- 

-.SwnpPlNfi  hall — 

.1146 

^.1146. 

*1  146- 

—.1146 

.1719 

.1719, 

- ...*1719 

.1719.. 

• 1 71 9 

• 1719 

_ 1,8907 
1,3174 
.5642 

13 

■OFFICE  AIiILOING 

.0686 

,nRZ3 

.0873 

.0961 

.0961 

. J098 

.1096 

.1046 

.1098 

• inva 

—I  4 

■ HI  rtSE  . T‘l«  

.t)3n<; 

,0.385 

.038c, 

,0385 

.0385 

.0385 

.0385 

.0365. 

,.03BS  . .. 

.0385 

1 ^ 

LO  OISF  IM« 

• 111  75 

.0125 

• 01?c 

,0125 

.0125 

•0|25 

.0125 

,PJ2*i 

.0125 

• Dt 

*2372 

1 A 

Hn<;p  T T . 

— _ .0060 

,nrjfto 

*noAn 

,nofin 

.0121 

. — . .012! 

.0121 

. .0171 

..  .0121 

• 0121 

• 1 269 

tr 

KT  9tSF  tftARThtlT 

• Cf7ft»v 

.0411 

,043, 

,0431 

• P931 

• P931 

.05  75 

,n67fi 

■ 

■ U?75 

• bB9& 

TOTAL 

7»3149 

7.6123 

Z • 7 A t fl 

7,9nift 

3.,7336 

3*3®AP 

3.5512 

3 • ft&7A 

9.U«iVl 

4,2354 

44.6329 

p 


*J 


O 


o 


'-89  ORIGINAi;  PAGE  IS 
OF  POOR  QUALITY 


O 


A 


XAJDJjiL  ili— 


uonrinuea 


(d)  Total  annual  heat  consumed  (million  Btu  x 10"^) 


w 


BUTLntf'fl  TVPP 

-~Teso 

1 

2 

5 

I_ 

sf«<;(  c FinTUT  ^ 

• tiOnn 

— ,nnoo 

«rnnn 

2 

fn't'u  hoikf 

• uonn 

.nnoo 

■ onnn 

3 . 

OAone-fj  

~ *oopn 

— .0000 

. ..  « onon 

H 

ft  rur«TPv  SCHUOI. 

• Ul«va 

.0107 

«r?T  9 

s 

Vtl  ( Ht  Ot‘5£  APT 

-.0477 

- - .n?S3 

- . • 1 *f3n 

nrnr>|  f SfMnot. 

• oonn 

.OJ  43 

• 01  4-^ 

7 

hjrk  SfHnnL  

• ttonn 

,0000 

• 01  H n 

R 

vli  1 nPFtrp  PLHn 

• 0 Q n n 

.n|fl7 

• n?  I c 

. 9 

PFrnpATinu  cemh 

. u OP  rt 

.P047 

• nfT*iT 

SunoFfuf;  (-rNTEA 

« n n n n 

.noon 

• nn7q 

- 11 

cm ) FUF  

• nnnn 

- ,npon 

» nnnn 

T2 

SMon^IFi;  hall 

• oonn 

.rnmn 

• nnnn 

13 

OFFire  BiHLOING 

• uimn 

- - ,ni07 

*niP7 

X*i 

Mf  “ISF  tM*4 

»onnn 

, noun 

IS 

Ln  utsf  THU  

• oonn 

.n?ZS 

u 

«n<5<»T  TAI 

• unnn 

.noon 

• nnnr) 

T7  . 

«T  OTSF  iPABrrJFJT 

total 

• L'L'no 
.OftTi 

,npoo 

.167] 

• PPOn 

.7930 

H 

^nnnn 

,nnon 

,n7lR 

. J*»Ot 

.ni  tj 
.nyic 
,nnvn 
. nn7c 
,nnv7 
,nnnn 

.n?Ii5 

.'172'? 
,nnnn 
.onon 
,3®  In 


S 

6 

7 

• nnOD 

• anon 

• ooon 

• nooo 

• oono 

• oooo 

• 0000 

• nnoo 

• uooo 

*0277 

• 03PI 

• 03Bt 

• Z3H3 

•ZRAO  . 

..  .333fr 

.n^«5 

• 047R 

• □474 

• OZ4J5 

♦ D7BS 

.□42rt 

.0322 

• nM79 

.0429 

.nnvM 

. .nm 

• OM) 

• nt  bo 

«niso 

• 072b 

,rm9  ; 

*0097 

*0097 

.0402 

• non? 

*0402 

• ri3is 

• 0327 

*03?" 

*0330 

• 0675 

*0?25 

*0775 

- *0275 

• nnoo 

• nnnn 

• unou 

.0473 

• 0473 

.04  73 

♦ 6n3o 

• 7562 

n 

9 

in 

• noun 

- ^..0000 

.anop 

.0000 

• onon 

• Dnno 

.0000 

....  •0000 

• □000 

.0*+3S 

• 0544 

.0544 

• 3413 

.... 

.4766 

.P42R 

.0571 

.□S7t 

.042b 

. _ .a«29 

.0571 

.PSJ7 

• 0644 

.0644 

.n|Mi 

_ .PTBP 

.U1  np 

*0225 

• 0725 

.0300 

*0097 

• «OV7 

.0047 

• ft^OZ 

• UiiOZ 

*0no3 

• P429 

• 0427 

.0537 

.06/5 

• |r'l3 

*1013 

.0725 

_ . .•'J?25  , 

.0775 

• noun 

• tinuo 

.0000 

• P4/3 

*0946 

,0946 

.fi3ttT 

1 «[jnon 

1.1703 

»£A(T 

— 

Otiii  nlMR  ttpf  . . 

It 

12 

• 

Sl"OI  E F.HtLT 

* OOoo 

.0000 

2 

. Tnrki  tioocF 

.0000 

.nnoo 

3 

OAOnru  AP6i»TMt«T 

• ouno 

.OOIJO 

4_ 

fLFtSFHTBy  SCHOOL^ 

— .059(1 

,0707 

5 

7ti  t HI  dibE  apt 

.5743 

,5770 

. - . . 6 

fi  torn  e ^runoL  

- .1*571 

.0713 

7 

rttCH  SCHOOL 

.OSt  1 

.0571 

A 

VTl  L OfPlfF  BLOC 

.0751 

9 

HpoorATTHM  CFPTP 

»cri  np 

. "734 

-10 

SHooptHO  FFriTtR.,,, 

.0300 

.0300 

1 ] 

Cm  1 PGf 

.0194 

.0194 

12. 

SHCPPlnc  MALL.  -.—. 

.0003  . 

.0403 

13 

OFFlrE  niilLOlHIi 

• 0537 

.0444 

1" 

«l  RISE  IHH  . 

— finn  . 

— .1013 

15 

LO  P1SF  I««( 

.077S 

.0775 

16 

Hnsp I TAl 

.01100 

.nnoo 

1 7 

0|  PtSF  flpARTrlfIT 

• U94A 

.1414 

TOIAU 

1 .3794 

13 

14 

■ - 15 

1 6 

17 
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• nnoo 

• onnn 

.0000 

•noon  . 

, Onno 

.0000 

•anna 
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• nnpn 

.nnnn 

.flODO 

■ OnQo 

.uooil 

- .0707 

.0767 

--  .0470 

.nq7D 

.0925 

.4|9a 

,6673 

• 7150 

*7626 

.0103 

. .0713 

,0713  . 

.00  56 

• l?9S6 

.oe5« 

.07  1 -1 

,n71  3 

.0713 

• PR«>6 

.0S56 

.pA4o 

.0759 

.0966 

*\^72 

. 1 I 41 

.0734 

,"734 

.0761 

• n'»Bi 

.02  8 I 

.0370 

. .0375 

.0375  _ 

• nvso 

.0450 

.01  44 

. ."194 

.0194 

*ni  9H 

.0194 

.0"0t 

,0403 

. 1 705  _ 

.1  ?05 

.1705 

■ 064  u 

■ "751 

.0751 

• nP59 

.0859 

.1013 

.mil 
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• ini3 

.1013 

.0774 

."775 

.n?Z5 

• n2?ci 

.0225 

.mpo 

.nnnn 

• nnno 

• nrnn 

.onnti 

. 1 41  n 

.mm 

.mm 

.1891 

l.aopo 

1 .“734 

I. 6017  1 

1 .6976 

I.Hdjh 

IB 

.noon 

»onoc 

.0000 

•oaan 

.0000 

• onoo 

— .1034  _ 

_ . • 1 DWW 

,9056 

• VS33 

. .0'fT9  .. 

_ . *P999 

. 0456 

• (J9V9 

. 1 78"  . 

• I 

."374 

_ ,"“90 

.nB2^ 

,"l  94 

*ri  1 

. IZOR 

. 1 ?0B 

.0499 

• URS9 

, .1013 

4^  *1013 

.0725 

.<r?Zb 

,r>t'iio 

• tinim 

, |P9l 

• 1 »91 

1.9397 

7*li?b5 

70 

total 

.0000 

• GOOD 

.00110 

.0000 

.onoo 

.0000 

.1142 

1.1859 

1 .0009 

10.152“ 

.0999 

1.1555 

.0999 

1.0556 

.1503 

1.41163 

.D37B 

, 3794 

.0575 

.5550 

.0194 

.7615 

.1705 

1.3253 

,0859 

1.U306 

.1013 

1.4054 

.0225 

.4271 

.onoo 

.0000 

.1791 

1 .9304 

7.0591 

7Z.35Sn 

TABLE  E - 3 3 . - Cone luded 


On-line  tons  of  air-conditioning  (ton  x 10”^) 
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I ten  description 

Quan- 

tity 

Capital, 
1973  S 

Daintenance, 
1973  S 

Operation 

Cost/ 

unit 

Total 

cost 

Cost/ 

unit 

Total 

cost 

Operating 

load 

Annual 

consuMption 

•rbree-ton  heat  punp* 

1 

1 540 

154 

5.37  ktf 

16  760  tHh 

Outdoor  unit 

1 100 

5.0  kW 

Fan  coil 

410 

• 37  kH 

Controls 

30 

Three-ton  packaged  air- 

1 

667 

69,14 

5.37  kK 

16  459  kHh 

conditioner* 

Outdoor  unit 

407 

5.0  kB 

Ban  coil 

230 

,37  kH 

Controls 

30 

Teo-ton  packaged  air- 

1 

550 

38.50 

3.24  kH 

8 948  kHh 

conditioner^ 

Outdoor  unit 

327 

3,0  kB 

Ban  coil 

193 

.24  kB 

Controls 

30 

90-ton  coDpression  air- 

1 

13  20Q 

13  200 

462 

462.00 

81  kH 

conditioner 

13-hp  boiler 

1 

1 300 

1 300 

32.50 

32.50 

431  300  DtU 

154  998  kHh 

Cooling  tower 

1 

1 040 

1 840 

55.20 

55.20 

IB  kV 

554x1 0»  Btu 

Ban  coil  unit  (6  zones) 

1 

3 830 

3 030 

114.90 

114,90 

10.8  kH 

Controls 

30 

180 

3.00 

IB. 00 

Total 

20  350 

602.60 

250-toii  coopression  air- 

18  62S 

37  250 

651.50 

1 303 

422  kH 

conditioner 

834  570  kHh 

60-hp  boiler 

4 250 

4 250 

106 

106 

2383x104  Btu 

Cooling  tower 

14  203 

14  203 

426 

426 

110  kH 

Fail  coils  (10  floors) 

■Efl 

2 335 

23  350 

90 

900 

60  ku 

Total 

79  053 

2 735 

207-ton  conpression  air- 

2 

20  130 

00  276 

conditioner 

cooling  tower 

1 

14  300 

14  300 

1 982 

673  332  kHh 

Ban  coils 

10 

553 

5 534 

Total 

60  110 

760- ton  air-cOnditioner 

2 

25  000 

50  000 

112-hp  boiler 

1 

6 500 

6 500 

4 281 

1 296  936  kHh 

Cooling  tower 

1 

22  200 

22  200 

Ban  coils 

21 

2 355 

49  4S5 

Total 

120  iS5 

126-ton  conpression  ait- 

2 

14  620 

39  240 

conditioner 

40-hp  boiler 

1 

4 769 

4 769 

2 059 

440  730  kHh 

Cooling  tower 

1 

4 620 

Air  handler  with  autoaatic  roll 

2 

10  593 

21  106 

Support  hardware 

1 615 

Total 

61  430 

tttilizatioii 


SiitglQ-fcivilT 
lags;  coason  to 
all  options 


TovQ bouses;  conven- 
tional only 


Garden  apartsents; 
conrentional  only 


Sleaentary  scbool; 
conventional  only 


Village  high-rise 
apartaents; 
conventional  only 


Hospital 


High-rise  apartaonts 


Diddle  school; 
high  school 


iHith  10-kS  strip  heater. 
*Tfitb  7-kH  strip  heater. 


Itea  description 

Quan- 

tity 

Capital, 
1973  S 

Maintenance, 
1973  S 

Operation 

Otillratlon 

cost/ 

unit 

Total 

cost 

Cost/ 

Unit 

Total 

cost 

Operating 

load 

Annual 

consuaptlon 

325-ton  coapresslon  alE- 

2 

21  260 

42  560 

1489 

Village  office  or 

condltioner 

town  center  office 

25-hp  boiler 

1 

2 250 

2 250 

56 

3 623 

1 074  420  m 

Cooling  tover 

1 

IS  000 

IS  000 

540 

Fan  coil 

3 

13  232 

39  696 

1538 

Total 

102  506 

225-ton  coapresslon  air- 

2 

20  030 

40  860 

1 430 

College 

conditioner 

25-hp  boiler 

1 

2 250 

2 250 

56 

731  790  fcBh 

Cooling  touer 

1 

7 706 

7 706 

231 

Pan  coils 

S 

2 755 

13  776 

413 

Total 

64  592 

2 130 

1112-ton  coapresslon  air- 

2 

64  235 

128  470 

Shopping  Ball 

conditioner 

100-hp  boiler 

1 

8 275- 

8 275 

42  144 

3 769  428  k8h 

Cooling  tovec 

1 

57  000 

57  000 

Fan  coils 

20 

4 000 

80  000 

Klscellaneoas  hacduare 

364  819 

Total 

638  564 

250-ton  coapresslon  air- 

2 

18  500 

37  000 

1 

Blgh-riso  inn 

conditioner 

1 

90-hp  boiler 

1 

5 200 

5 200 

f 

2 723 

832  770  kHh 

Cooling  touer 

1 

13  000 

13  000 

1 

Fan  coils 

5 

4 720 

23  600 

} 

Total 

78  800 

170-ton  conpression  air- 

2 

14  648 

29  297 

Lou -rise  inn 

conditioner 

90-hp  boiler 

1 

5 200 

5 200 

2 385 

563  640  kUh 

Cooling  toner 

1 

13  000 

13  000 

Fan  coils 

3 

6 560 

19  680 

Total 

67  177 

132.5-ton  coapresslon  air- 

2 

IS  629 

31  258 

1094 

conditioner 

12-hp  boiler 

1 

851 

851 

2U27 

473  0 00  kWh 

cooling  touer 

1 

2 160 

2 160 

64.80 

Fan  coll 

1 

10  593 

10  593 

301 

Energy  wheel 

1 

4 260 

4 260 

— 

Total 

49  122 

1561.07 

116-ton  conpression  air- 

3 

14  600 

43  800 

1533 

Village  shopping 

conditioner 

center 

2C-hp  boiler 

1 

1 100 

1 100 

27.50 

503  000  kWh 

Cooling  touer 

1 

5 900 

5 900 

177 

hir  handler 

3 

13  232 

39  696 

1190 

Energy  wheel 

1 

2 650 

2 650 

79.50 

Total 

93  146 

3007 

TABLE  E-35.-  CONVENTIONAL  SOLID-WASTE  SYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL  COST  IS  102..00  CENTS  PEH  MBTU,  WITH  ESCALATION  RATIO  0,050 
THIS  HUM  MADE  12/  3/73 

D.  C.  F.  ANALYSIS  FOR 

CONVENTIONAL  SOLID  WASTE  SYSTE>i  - 12/3/73 

COST  FLOW  TABLE 
call  costs  IN  S X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V.  COST 

1975 

0.  AAA 

0.  143 

0.019 

0.  607 

0.  586 

0.  536 

19  76 

0.  408 

0.270 

0.032 

0.711 

0 . b3  M 

1.  169 

19  77 

0.  526 

0.  467 

0.068 

1 . 06  . 

0.  150 

1.915 

19  78 

0.  563 

0.  619 

0.  09  5 

I.  276 

0.  773 

2.  69  7 

19  79 

0.247 

0.73b 

0.  1 19 

1.  102 

0.5  66 

J.  263 

1980 

0.  6IS 

0.89  7 

D.  i 42 

i.  657 

J.  7 - 1 

4.  U2o 

198  1 

□ . 380 

1.082 

C.  18  1 

1. 643 

0.  639 

4.  659 

1982 

0.  647 

1.  193 

0.203 

2.  044 

0,700 

5.  359 

1933 

l.,l  43 

1.416 

0.250 

2,810 

0.847 

6.206 

1984 

0.  473 

1. 593 

.0.290 

2.  356 

0,  600 

6.806 

198  5 

0.  556 

1.  787 

0.  334 

2.  677 

0.  59  3 

7.399 

1986 

0.814 

1.991 

0.  392 

3,  196 

0.  620 

S.019 

1987 

0.  627 

2.  161 

0.  430 

3.  218 

0.  538 

8.  558 

1988 

1.  162 

2.  428 

0.  473 

4.  062 

0.  599 

9.156 

1989 

0.665 

2.  664 

0.  544 

4.  073 

orsi6 

9. 673 

1990 

0.  781 

2.865 

0*  60  5 

4.  251 

0.467 

10.140 

199  1 

0.761 

3.  128 

0.  656 

4.  545 

0.  433 

10.572 

199  2 

1.  473 

3.  509 

0.  771 

5.  753 

0.  483 

1 1.055 

1993 

0.985 

3. 804 

0.8  47 

5.  636 

0.  406 

1 1. 462 

199  4 

0.  626 

4.077 

0.923 

5.  627 

0.350 

11.811 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  197  5 

CAPITAL  EQUIP. 

9.  727 

1 4. 098 

4.  110 

LESS 

RESID.  VALUE 

4.291 

6.  719 

0.41  1 

NET  CAPITAL  COSTS 

5.  436 

7.  38  0 

3.  699 

COSTS 

FOR  FUEL 

3.  354 

7.  375 

1.191 

OTHER 

0P.  COSTS 

0.  000 

0.  000 

0,000 

MAINTENANCE  COSTS 

23.03  3 

36.830 

6.51 1 

TOTAL 

CO  STS 

31.874 

51. 585 

11.401 

CUMULATIVE  SERVICE  DELIVERED  = 

1. 

53050 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

6.  356 

9.  212 

2.  68  5 

LESS  1 

RESID.  VALUE 

2.804 

4.  39  0 

0.268 

•NET  CAPITAL  COSTS 

3.  552 

4.822 

2.417 

COSTS 

FOR  FUEL 

2.  192 

4.819 

0. 778 

OTHER 

OP.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

1 5.  082 

24.  064 

4.254 

TOTAL 

CO  STS 

20.826 

33.  705 

7.449 

E-93 


TABLE  E'-35.’-  Concluded 
(b)  Escalation  ratio  of  15  percent 

FUEL  C0ST  IS  IQ2.00  CENTS  PER  MBTU>  WITH  ESCALATION  RATIO  0.150 
THIS  RUN  MADE  12/  3/73 


D.  C.  F.  ANALYSIS  FOR 

CONVENTIONAL  SOLID  WASTE  SYSTEM  - 12/3/73 

COST  FLOW  TABLE 
CALL  COSTS  IN  $ X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESEtNT  CUMULATIVE 


YEAR 

COST 

CO  ST  CO  ST 

COST 

VALUE 

P.  V.  COST 

1975 

0.  444 

0.  143 

0.025 

0.  613 

0.  591 

0.  591 

1976 

0.  408 

0.270 

0.  047 

0.  725 

0.  594 

1.  185 

19  77 

0.  526 

0.  467 

0.  108 

1.101 

0.  776 

1.961 

19  78 

0.  563 

0.619 

0.  164 

1.345 

0.817 

2.778 

19  79 

0.247 

0.735 

0.  225 

1.208 

0.  619 

3.397 

1980 

0.  618 

0.897 

0.  29  5 

1.810 

0.823 

4.220 

1981 

0.380 

1.082 

0.  410 

1.8  72 

0.  725 

4.945 

1982 

0.  647 

1.  193 

0.  505 

2.  345 

0.  798 

5.  743 

1983 

1.143 

1. 416 

0.  681 

3.  240 

0.9  70 

6.  713 

198  4 

0.  473 

1. 59  3 

0.864 

2.9  30 

0.  742 

7.455 

1985 

0.  556 

1.787 

l.OSS 

3.  431 

0.  755 

8.210 

1986 

0.814 

1.99  1 

1. 399 

4.204 

Q.  808 

9.019 

198  7 

0.627 

2.  161 

1.  68  5 

4.  473 

0.  742 

9.761 

1988 

1.  162 

2.  428 

2.026 

5.  616 

0.8  18 

10. 579 

1989 

0.865 

2.  664 

2.  553 

6.  082 

U.  763 

1 1 . 343 

1990 

0.  78  1 

2.865 

3.  no 

6.  757 

0.  735 

12.077 

199  1 

0.  761 

3.  128 

3.  69  3 

7.  582 

0.715 

12-  792 

1992 

1. 473 

3.  509 

4,  756 

9.738 

0.805 

13.  597 

1993 

0.985 

3.804 

5.  721 

10. 51  1 

0.  749 

14.346 

199  4 

0.  626 

4.  077 

6.8  33 

1 1. 536 

0.  71  i 

1 5.057 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

194^ 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON -DISCO UN TED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

9.  727 

14.  098 

4.  1 10 

LESS 

RESID.  value 

4.29  l' 

6,  719 

0.  41 1 

NET  CAPITAL  COSTS 

5.  436 

7.  380 

3.  699 

COSTS 

FOR  FUEL 

3.  354 

36. 189 

4.436 

OTHER 

OP.  COSTS 

0.  000 

0.  000 

0.  000 

MAINTENANCE  COSTS 

23.083 

36.830 

6.  511 

TOTAL 

CO  STS 

31.874 

80.  399 

1 4.  646 

CUMULATIVE  SERVICE  DELIVERED  = 

1. 

53050 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  year 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO  UN TED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

6.  356 

9.  212 

2.  68  5 

LESS 

RESID.  VALUE 

2.804 

4.  390 

0.  268 

NET  CAPITAL  COSTS 

3.  552 

4.822 

2.417 

COSTS 

FOR  FUEL 

2.  192 

23.  645 

2,  899 

OTHER 

OP.  COSTS 

0.  000 

0.  000 

0.000 

maintenance  COSTS 

15.  03  2 

24.  064 

4.  254 

TOTAL 

COSTS 

20.826 

52. 531 

9.  570 

J 


0 


0 


0 


E-94 


TABLE  B-36.-  COHVBHTIOHAL  SOLIO-W&ST2  STSTEH  (XHPOTS  TO  DCF  FROGBAM) 


capital, 
1973  $ 
(1) 


0.4189x106 

.3735 

.4673 

.4853 

.2070 

.4001 

.2322 

.3630 

.7008 

.2898 

.1999 

.3828 

.2222 

.5039 

.3828 

.2327 

.2179 

.5789 

.2324 

.0715 


16.4X10* 

25.1 

52.4 

69.5 

83.0 

94.5 

114.3 

122.3 

143.5 

158.3 

173.4 

193.9 

203.0 

212.3 

232.6 

246.4 

254.4 

284.9 

296.0 

309.5 


and  Material, 
1973  $ 

(2) 


0.0210x106 

.0397 

.0630 

.0873 

.0976 

.1175 

.1292 

.1473 

.1823 

.1968 

.2065 

.2260 

.2373 

.2620 

.2815 

.2930 

.3040 

.3330 

.3450 

.3480 


Operator 
labor, 
1973  $ 
(3) 

Total  o&K, 
1973  $ 
(4) 

0. 110x10* 

0.131x10* 

.200 

.240 

.340 

.403 

.430 

,518 

.500 

.598 

.590 

.708 

.700 

.829 

.740 

.888 

.840 

1.023 

.920 

1.117 

1.010 

1.217 

1.090 

1.316 

1.150 

1.387 

1.250 

1,513 

1.330 

1.612 

1.390 

1.683 

1.480 

1.784 

1.610 

1,943 

1.700 

2.045 

1.780 

2.128 

service, 

tons 


isee  detailed  egaipaent  list  for  coaponent  costs, 
anaintenance  labor  and  naterial  at  5 percent  of  capital  value 
^Operator  labor  at  $10  000/san-yr. 

♦Mot  including  fuel  and  electricity. 


TABLE  B-37,-  COHIEKTIOSAL  SOLID-^ASIE  SXSTBH  {ABHOAL  CAPITAL  OUTIAIS) 


Tear 

Quantity 

Description 

Dseful 
life,  yr 
<1) 

Major  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1373  4 

1975 

1 

Pushcart,  1-yds,  at  4140  ea. 

S 

140 

4 

Satellite  vehicles,  2"yd3,  at  42500  ea« 

5 

10  OOO 

2 

Gravity  chute  systens  at  4350/floor  plus  $350 

Two  12-story  systens 

40 

S 100 

1 

Packer  truck,  40-yd* 

5 

35  000 

12 

Blue  Boxes,  10-yd’,  at  $600  ea. 

5 

7 200 

cospactor  container,  40-yd* 

5 

7 500 

Cospactor  containers,  lO-yd^  at  46000  ea. 

5 

12  000 

Pront-end  loader,  40-yd3 

5 

35  000 

Tracks  for  cospactor  container,  at  43500 

5 

7 000 

Tractor  crawler 

e 

8 000 

Steel-wheeled  coapactor 

8 

8 000 

Incinerators,  at  4140  000 

30 

280  000 

0.4189x10* 

1976 

Pushcarts,  1-yd^,  at  $140  ea. 

5 

280 

Satellite  vehicles,  2-yd^,  at  42500  ea. 

5 

10  000 

Gravity  ch*ute  systeas  at  4350/floor  plus  4350 

Four  12-story  systeas 

40 

18  200 

Packer  truck,  no-yd^ 

5 

35  000 

Blue  Boxes,  10-yd=>,  at  4600  ea. 

5 

6 000 

coapactor  containers,  lO-yd^,  at  46000  ea. 

5 

24  OOO 

2 

Incinerators  at  4140  000 

30 

280  000 

.3735 

1977 

3 

Pushcarts,  1-yd=*,  at  4140  ea. 

420 

• 

B 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

20  000 

8 

Gravity  chute  systeas  at  4350/floor  plus  $350 

Seven  12-story  systems 

31  850 

One  22-story  systen 

8 050 

2 

Packer  trucks,  40-yd^,  at  $35  000 

5 

70  OOO 

13 

Blue  Boxes,  10-yd^,  at  $600  ea. 

5 

7 800 

1 

coapactor  container,  UO-yd^,  at  47500  ea. 

5 

7 500 

7 

Coapactor  container,  10-yd’,  at  46000  ea. 

5 

42  000 

2 

Incinerators  at  $140  000 

30 

280  000 

.4676 

1978 

1 

Pushcart,  1-yd3,  at  4140  ea. 

5 

140 

Satellite  vehicles,  2-yd’,  at  $2500  ea. 

5 

10  000 

Gravity  chute  systems  at  4350/floor  plus  $350 

Pour  12-story  systeas 

40 

18  200 

Packer  truck,  40-yd* 

35  OOO 

Blue  Boxes,  10-yd=>,  at  $600  ea. 

5 400 

B 

Conpactor  containers,  10-yda,  at  46000  ea. 

48  000 

1 

Truck  for  coapactor  container  hauling 

3 500 

1 

Scraper 

e 

12  000 

1 

Dragline 

8 

20  000 

1 

Pater  truck 

B 

4 500 

2 

Incinerators,  at  $140  OOO  ea. 

30 

280  000 

.4367 

lA  salvage  value  of  10  percent  of  the  initial  cost  of  all  egnipaent  vitb  a useful  life  of  less  than 
20  years  vas  assnned.  Beplacenent  costs  of  this  egnipsent  are  not  reflected  In  this  table  but  are 
reflected  in  the  ontputs  froa  the  discounted  cash  analysis  progras. 


Q 


TABLE  E-37,-  Contiriued 


Year  I Quartity 


Description 


Pushcarts,  l-yd^,  at  $14C  ea. 

Satellite  vehicles,  2-yd3,  at  £2500  ea. 
Gravity  chute  systems  at  $350/floor  plus  $350 
Two  12-story  systems 
Packo . truck,  OO-yd^ 

Blue  -ox,  10-yd3 

Compactor  containers,  10-yd^,  at  $6000  ea. 
Incinerator 

Pushcarts,  1-yd^  at  $140  ea. 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 
Gravity  chute  systems  at  $350/£loot  plus  $350 
Five  12-story  systems 
Packer  truck,  40-yd^ 

Blue  Boxes,  IQ-yd^,  at  $600  ea. 

Compactor  containers,  40-yd3,  at  $7500  ea. 
Compactor  containers',  10-yd®,  at  $6000  ea. 
Truck  for  compactor  container  hauling 
Incinerators,  at  $140  000  each 

Pushcart,  l-yd^ 

Satellite  vehicles,  2-yd3,  at  $2500  ea- 
Gravity  chute  systems  at  $350/floor  plus  $350 
Three  12- story  systems 
Packer  truck,  hO-yd^ 

Blue  Boxes,  lO-yda,  at  $600  ea- 

Compactor  containers,  1Q-yd^,  at  $6000  ea. 

Incinerator 

Pushcarts,  1-yd^,  at  $140  ea. 

Gravity  chute  systems  at  $350/floot  plus  $350 
Two  l2-stoty  systems 
One  22-story  system 
Packer  truck,  hO-yd^ 

Blue  Box,  10-yd3 

Compactor  containers,  10-yd^,  at  $6000  ea. 
Incinerators,  at  $140  000 

pushcarts,  l-yd^,  at  $140  ea. 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  systems  at  $3S0/floor  plus  $350 
Five  12-story  systems 
Packer  truck,  hO-yd^ 

Blue  Boxes,  10-yds,  at  $600  ea. 

Compactor  container,  hO-yd^ 


Useful 
life,  yt 
(1) 


ftajor  component 
capital  cost,  1073  S 


260 

10  000 

9 100 
35  000 
600 

1?  000 
140  000 

280 

10  000 

22  750 
35  000 
9 600 
15  000 
24  000 
3 500 
280  000 

luO 

20  000 

13  650 
35  000 
5 400 
18  000 
140  OOC 


9 100 
8 050 
35  OGO 
600 
30  000 
280  OOO 

280 
10  000 

22  750 
35  000 
7 800 
7 500 


Total  capital 
cost,  1973  $ 


0.2070x10 


I A salvage  value  of  10  percent  of  the  initial  cost  of  all  equipment  with  a useful  life  of  less  than 
20  years  was  assumed.  Beplacement  costs  of  this  equipment  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  from  the  discounted  cash  analysis  program. 


TiBLE  E-37.-  ContinOQa 


Tear  Quantity 


Description 


Cospactor  containers,  10-yd=,  at  $6000  ea, 
Truck  for  coapactor  container  hauling 
Incinerators,  at  $140  000  ea. 

Pushcart,  1-yd® 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  systens  at  $350/£loor  plus  $350 
One  22-story  system 
Pour  12-story  systens 
Packer  truck,  40-yd’ 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

Coapactor  containers,  lO-yd^,  at  $6000  ea. 
Pront-end  loader,  40-yd^ 

Tractor  crawler 
Incinerator 

Pushcarts,  l-ydu,  at  $140  ea. 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  systen  at  $350/floor  plus  $350 
One  12- story  systen 
Packer  truck,  hO-yd^ 

Blue  Box,  10-yd^ 

Coapactor  container,  lO-yd^ 

Truck  for  compactor  container  hauling 
incinerator 

Pushcarts,  1-yd^,  at  $140  ea. 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  systems  at  $350/floor  plus  $350 
Pour  12-story  systems 
Packer  truck,  hO-yd^ 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

Compactor  container,  40-yd3 

Compactor  containers,  10-yd^,  at  $6000  ea. 

Incinerators,  at  $140  000  ea. 

Pushcart,  1-yd=* 

satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  systems  at  $350/£loot  plus  $350 
Three  12-story  systems 
Packer  truck,  40-yd’ 

Blue  Boxes,  10-yd^,  at  $600  ea. 

Compactor  containers,  lO-yd^,  at  $6000  ea- 
Inclnerator 

Pushcarts,  1-yd’,  at  $140  e... 


Useful 
life,  yr 
(1) 


Bajor  component 
capital  cost,  1973  $ 


54  000 

3 500 
560  000 

140 

10  000 

8 050 
18  200 
35  000 

5 400 
30  000 
35  000 

8 000 
140  000 

280 
10  000 

4 550 
35  000 

600 

6 000 
3 500 

140  000 

280 

10  000 

18  200 
35  000 
7 800 
7 500 
24  000 
280  000 

140 

10  000 

13  650 
35  000 

5 400 
18  000 

140  000 


Total  capital 
cost,  1973  $ 


0.7008x10« 


*1  salvage  value  of  10  percent  of  the  initial  cost  of  all  eguipment  with  a useful  life  of  less  than 
20  years  was  assumed.  Beplaceoent  costs  of  this  eguipment  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  from  the  discounted  cash  analysis  prograa. 


T&BLB  E-37.”  Continued 


Year  | Quantity 


Description 


Satellite  vehicles,  2-yd3,  at  $2500  ea- 
Gravity  chute  systens  at  $350/floor  plus  S350 
One  12-story  systen 
Packer  truck,  40-yd’ 

Blue  Box,  10-yd3 

compactor  containers,  10-yd-*,  at  $6000  ea. 
Truck  for  compactor  container  hauling 
Incinerators,  at  $140  000  ea, 

Pushcarts,  l-yd^^,  at  $140  ea. 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 
Gravity  chute  systems  at  $350/floor  plus  $350 
four  12-story  systems 
Packer  truck,  hO-yd^ 

Blue  Boxes,  10-yd3,  at  $600  ea. 

Compactor  container,  hO-yd^ 

Compactor  containers,  10-yd^,  at  $6000  ea. 
Incinerators,  at  $140  OOO 

Pushcart,  1-yd^ 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  cnute  systems  at  $3S0/£loor  plus  $350 
Four  12-story  systens 
Packer  truck,  40 -yd^ 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

Compactor  containers,  lO-yd^,  at  $6000  ea. 
Incinerator 


Useful 
life,  yr 
(1) 


Hajor  coaponent  Total  capital 

capital  cost,  1973  S cost,  1973  5 


4 550 
35  000 

600 
30  000 
3 500 
420  000 

280 
10  000 

13  200 
35  000 
7 800 
7 500 
a4  000 
280  000 

140 

10  000 

18  200 
35  OOQ 

5 400 
24  000 

140  000 


0,5039x10^ 


Pushcarts,  l-yd^,  at  $140  ea. 

Satellite  vehicles,  2-yd4,  at  $2500  ea. 
Gravity  chute  system  at  S350/floor  plus  $350 
One  12-story  system 
Packer  truck,  40-yd3 
Blue  Box,  10-yd3 

Compactor  containers,  lO-yd’,  at  $6000  ea. 
Truck  for  compactor  container  hauling 
Incinerator 

Pushcarts,  1-yd3,  at  $140  ea. 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 
Gravity  chute  system  at  $350/floor  plus  $350 
One  22-story  system 
Six  12-story  systems 
Packer  trucks,  40-yd4,  at  $35  000  ea. 

Blue  Boxes,  lO-yda,  at  $600  ea. 

Compactor  container,  40“yd3 


280 

10  000 

4 550 
35  000 
6D0 
24  000 
35  000 
140  000 

260 

20  000 

8 050 
27  300 
70  000 
7 800 


salvage  value  of  10  percent  of  the  initial  cost  of  all  equipment  with  a useful  life  of  less  than 
20  years  was  assumed.  HepXacement  costs  of  this  equipment  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  from  the  discounted  cash  analysis  program. 


100 


TABLE  B-37.-  Concluaed 


Year 

Quantity 

Description 

Useful 
life,  yr 
(1) 

Ha^or  coaponent 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  S 

3 

Compactor  containers,  10-yd^,  at  $6000  ea. 

5 

18  000 

3 

Incinerators,  at  $140  000  ea. 

30 

420  COO 

0.5789x106 

1993 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

280 

a 

Satellite  vehicles,  2-*yd3,  at  $2500  ea. 

5 

10  OOO 

3 

Gravity  chute  systems  at  $350/floor  $350 

Three  12-story  systems 

40 

13  650 

1 

Packer  truck,  40-yd3 

5 

35  000 

10 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 

6 000 

4 

Compactor  containers,  lO-yd’,  at  $6000  ea. 

5 

24  000 

1 

Truck  for  compactor  container  hauling 

5 

3 500 

1 

Incinerator 

30 

14C  000 

.2324 

199« 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

280 

4 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

10  000 

3 

Gravity  chute  systems  at  S3S0/floor  plus  $350 

Three  12-story  systems 

40 

13  650 

1 

Packer  truck,  40-yd* 

5 

35  000 

1 

Blue  Box,  10-yd3 

5 

600 

2 

compactor  containers,  lO-yd^,  at  $600  ea. 

^ 

12  000 

.0715 

»R  salvage  value  of  10  percent  of  the  initial  cost  oi  all  aguipment  with  a useful  life  of  less  than 
20  years  was  assuned.  Beplacement  costs  of  this  eguipaent  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  from  the  discounted  cash  analysis  prograa. 


•C 


a 


o 


TABLE  E-38.-  MIUS  OPTION  I HEIGHBOEHOOD  COST  SUMMARY 


Subsystem 

Capital  cost, 
1973  $ 

Electrical  power: 

Generators  and  equipment 

1 735  450 

Distribution 

577  800 

General  plant 

12  303 

Fuel  distribution  system 

16  503 

Total 

2 342  056 

Hater  supply^ : 

Potable  water  supply  piping 

141  654 

Fire  water  supply  piping 

192  552 

Water  pond 

2 837 

Hater  supply  pumps 

4 340 

Neighborhood  development 

772  560 

Treatment  plant 

122  689 

Total 

1 236  632 

Hot  water; 

Single-faraily-dwelling  hot- 

142  553 

water  tanks 

Townhouse  hot-water  tanks 

38  880 

Garden  apartment  hot-water  tanks 

11  664 

Elementary  school 

1 237 

Total 

194  334 

Wastewater : 

Lift  stations 

105  600 

MIUS  lift  station 

26  400 

Wastewater  piping 

306  410 

Manholes 

33  088 

Neighborhood  development 

288  156 

Treatment  plant 

1 180  000 

Total 

1 939  654 

•■Does  not  include  source  supply  materials  and 
equipment  costs. 


TABLE  E-38.-  Concluded 


Subsystem 

Capital  cost, 
1973  $ 

HVflC: 

Single-family-dwelling  heat  pumps 

1 098  020 

Townhouse  fan  coil  units 

90  720 

Garden  apartment  fan  coil  units 

72  252 

Elementary  school  fan  coil 

6 250 

Absorption  chiller 

68  000 

Compression  chiller 

56  500 

Cooling  pond 

33  600 

Hot-water  boiler 

24  680 

Chilled- water  pumps 

21  820 

Hot-water  pumps 

13  266 

Gate  valves 

10  655 

Insulated  pipe,  12-in. 

141  460 

insulated  pipe,  3-in. 

12  706 

Insulated  pipe,  1-1/4-in. 

8 370 

Pipe,  10-in. 

129  106 

Pipe,  8-in. 

80  566 

Pipe,  6-in. 

33  782 

Pipe,  5-in. 

37  224 

Pipe,  4-in, 

17  376 

Pipe,  3-1/2-in. 

1 880 

Pipe,  2-in. 

15  232 

Pipe,  1-1/2-in. 

10  040 

Total 

1 983  505 

Solid  waste; 

Incinerators 

340  000 

Blue  Boxes 

5 400 

Satellite  collection  vehicles 

10  000 

Pront-end  loader  truck 

35  000 

Total 

390  400 

Controls; 

HIUS  controls 

336  000 

HIUS  building: 

neighborhood 

69  661 

Wastewater 

312  828 

Common  utility 

126  960 

Total 

439  788 

8 "932  030 

E-T02 


TABLE  E-39.-  MIUS  OPTION  I ELECTRICAL  POWER  SUBSYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL  COST  IS  102.00  CENTS  PEft  MBTU,  WITH  ESCALATION  KATI0  0-0 SO 
THIS  RIJN  MADE  12/  3/73 

D.^C.  F.  ANALYSIS  F0H 

MIUS  ELECTRICAL  POWER  - OPTION  I (12/3/73) 


COST  FLOW  TABLE 
(ALL  COSTS  IN  S X 10E6) 


INVESTMENT 

MAINTENANCE 

OPERATIONS 

TOTAL 

PRESENT  CUMULATIVE 

YEAR 

COST 

COST 

Cost 

COST 

VALUE 

P.V.COST 

1975 

3.874 

0.337 

0.  406 

4.617 

4.  520 

4.  520 

1976 

3.449 

0.  628 

1.004 

3.031 

4.233 

8.7  53 

19  77 

6.263 

I.  179 

1.905 

9.  347 

6.  764 

15.517 

19  78 

5,  29  1 

1.669 

2.891 

9.851 

6.08  6 

21. 603 

1979 

1. 490 

1.916 

3.459 

6.865 

3.  524 

25. 127 

1980 

5.365 

2.  463 

4.  461 

1 2.  289 

5.  661 

30.787 

1981 

3.  750 

2.814 

5.220 

1 1 . 784 

4.  642 

35.429 

1982 

2.  664 

.3.201 

6.  131 

1 1.996 

4.052 

39 . 43  1 

1983 

7.812 

4.077 

7.850 

19. 739 

5.944 

45.426 

1984 

5.249 

4.  718 

9.067 

19. 034 

4.900 

50.325 

1985 

1*943 

5.  09  6 

9.982 

17.021 

3.721 

54.046 

198  6 

7.  387 

5.823 

1 1.  592 

24.802 

4.843 

58.889 

198  7 

4.  477 

6.  327 

12.882 

23.  686 

3.  9 39 

62.848 

I98B 

3.  183 

6.934 

14.517 

24. 634 

3*549 

66. 397 

1989 

6.818 

7.  750 

16.459 

31.027 

3.939 

70.336 

1990 

5.  145 

8.410 

18. 263 

31-819 

3.  483 

73.819 

199  1 

2.  185 

8.882 

19.  795 

30.601 

2.892 

76.  710 

1998 

10.  340 

10. 129 

22.8  15, 

45.  284 

3.  623 

80. 333 

1993 

4.981 

10.823 

25.035 

40. 840 

2.922 

83.253 

199  4 

4.  446 

1 1.512 

27.363 

43. 321 

2.  688 

85.943 

COST  TOTALS  FOR  THE 

20  YEAR  PERIOD  FROM 

1975  TO 

1994 

1973  PRICES  escalated  PRICES  ESCALATED  PRICES 
NON- DISCO  UNTED  NON- DI SCO  UNTED  DISCOUNTED  TO  1975 


CAPITAL  EQUIP. 

68.20  5- 

96.054 

32. 197 

LESS  RESID.  VALUE 

44.951 

68.254 

4.  170 

NET  CAPITAL  COSTS 

23.254 

27.800 

28.027 

COSTS  FOR  fuel 

100. 609 

‘221. 098 

35.652 

OTHER  0P.  C0STS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

65. 405 

104.  687 

18.094 

TOTAL  COSTS 

189.269 

353.  58  4 

81.773 

CUM  LA,  ATI  VE  SERVICE  DELIVERED  = 

10. 77200 

AVERAGE  UNIT 

C0STS  FOR  THE  20 

YEAR  PEKIGiJ  FROM 

1975  TO  1994 

1973  PRICES 

ESCALATED  PRICES 

escalated  PRII 

NON-DISCO UN TED 

N0N-DISC0LWTED 

DISCOUNTED  TO 

CAPITAL  EQUIP. 

6.  332 

8.9  17 

2.9S9 

LESS  RESID.  VALUE 

4.  173 

6.  336 

0.38  7 

NET  CAPITAL  C0STS 

2.  159 

2.  581 

2.602 

COSTS  FOR  FUEL 

9. 340 

20. 525 

3.310 

OTHER  OP.  COSTS 

0.000 

0.000 

0.000 

MAINTENANCE  COSTS 

6.072 

9.718 

1.680 

TOTAL  COSTS 

17. 570 

32.824 

7.591 
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TABLE  E"39.“  Concluded 


(b)  Escalation  ratio  of  15  percent 


FUEL  C0ST  IS  102. 

00  cents  per 

MBTU,  WITH  ESCALATION 

RATIO  0 

.150 

THIS  RUM  MADE  12/ 

3/73 

D.  C.  F.  AMALYSIS 

FOR 

MI  US  ELECTRICAL  POWER  - OPTION 

I (12/3/73) 

COST 

FLOW  TABLE 

call  COSTS  IN  S X 

I0E6) 

INVESTMENT  MAINTENANCE  OPEhATlONS 

TOTAL 

PRESENT 

CUMULATI  VE 

YEAH  COST 

COST 

COST 

COST 

VALUE 

P.  V.  COST 

1975  ■ 3'.  8 74 

0.  337 

0.  534 

4.  745 

4.  631 

4.  631 

1976  3.449 

0.  628 

1. 445 

5.  522 

4.  566 

9.  197 

1977  6.263 

1.179 

3.  001 

lO. 444 

7.  485 

1 6.  682 

19  78  5.29  1 

1. 669 

4.990 

II . 9 50 

7.28  6 

23.968 

19  79  1-490 

1.9  16 

6.  539 

9.945 

5.055 

29  .024 

1980  5.365 

2.  463 

9.236 

17. 064 

7.  725 

36. 749 

1981  3.750 

2.8  14 

11.8 38 

18. 402 

7.  129 

43.878 

1982  2. ,664 

3.  201 

1 5.227 

21.092 

7.  026 

50.904 

1983  7.812 

4.077 

21.354 

33. 243 

9. 78  3 

60 . 68  7 

1984  5.249 

4.7  18 

27.013 

36.980 

9.336 

70.022. 

1985  1.943 

5.  09  6 

32. 572 

39 . 6 1 1 

8.577 

78. 599 

1986  7.387 

5.823 

4! . 427 

54. 637 

10. 419 

89.018 

1987  4.  477 

6.  327 

SO.  421 

61. 225 

10.0  60 

99.078 

1988  3.  183 

6.934 

62.232 

72.  349 

10. *29  2 

109.370 

1989  6.618 

7.  7 50 

77.274 

91.843 

11.413 

120.  78  3 

1990  5.  145 

8.410 

93.915 

107. 470 

1 1 . 567 

132.350 

199  1 2.  125 

8-882 

1 1 1 . 48  6 

122.  492 

1 1.412 

143. 763 

1992  10.340 

10. 129 

1 40. 729 

161. 198 

13.151 

156.914 

I993  4.98  1 

10.823 

169.134 

184.938 

13.047 

169.961 

1994  4.446 

11.512  , 

202. 467 

218. 425 

1 3 . 38  7 

183.348 

COST  TOTALS  FOR  THE  20  YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES  ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  19 

capital  equip. 

68. 205 

96.054 

32.197 

LESS  KESID.  VALUE 

44.951 

68. 254 

4.  170 

net  CAPITAL  COSTS 

23.254 

27. 800 

28.027 

COSTS  FOR  FUEL 

100. 609 

1082.835 

133.056 

OTHER  OP.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

65.  405 

10  4.  68  7 

18.094 

TOTAL  COSTS 

189.269 

1215. 321 

179. 177 

CUMULATIVE  service  DELIVERED  = 

10 

. 77200 

AVERAGE  UNIT  I 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES  ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCO  UN  TED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

6.  332 

8.9  17 

2.989 

less  resid.  value 

4.  1 73 

6.336 

0.38  7 

met  CAPITAL  COSTS 

2.  I 59 

2.  SB  1 

2.  602 

COSTS  FOR  FUEL 

9.340 

100. 523 

12.352 

OTHER  OP.  COSTS 

0.  000 

0.  000 

0.  000 

MAINTENANCE  COSTS 

6.  072 

9.7  18 

1. 680 

total  COSTS 

17. 570 

I 12.822 

1 6. 634 

TABLE  E-40.-  MIOS  OPTION  I ELECTRICAL  POWER  SUBSYSTEM 

(INPUTS  TO  DCF  PROGRAM) 


Year 

Capital, 
1973  $ 

Fuel,  Btu 

Other  O&H, 
1973  $ 

Service 

delivered, 

kWh 

1975 

3.652x106 

344x10« 

0.308x106 

3.76x107 

1976 

3.156 

810 

.558 

8.84 

1977 

5.565 

1463 

1 .017 

15.97 

1978 

4.564 

2115 

1.398 

23.06 

1979 

1.248 

2410 

1.558 

26.32 

1980 

4.362 

2960 

1,944 

32.27 

1981 

2.960 

3299 

2.157 

36.02 

1982 

2.  042 

3690 

2.382 

40.24 

1983 

5.813 

4500 

2.945 

49.15 

1984 

3.  792 

4950 

3.309 

54.09 

1985 

1.363 

5190 

3.470 

56.65 

1986 

5.030 

5740 

3.850 

62. 59 

1987 

2,960 

6075 

4.061 

66.34 

1988 

2,  043 

6520 

4.321 

71.28 

1989 

4.249 

7040 

4.689 

76.92 

1990 

3.113 

7440 

4.940 

81.34 

1991 

1.248 

7680 

5.065 

83.87 

1992 

5.897 

8430 

5.608 

92.05 

1993 

2.758 

8810 

5.818 

96.34 

1994 

2.390 

9171 

6.008 

100.1 
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TABLE  E-41.-  HIUS  QPTIOH  X ELBCTBICAL  POUBR  SUBSISTBH  (AEHUAL  CAPITAL  OaTLAYS) 


Year 

Description 

Rajar  cooponeat 
capital  cost,  1973  S 

Total  capital 
cost,  1973  5 

197S 

Village  A pone r plant; 

Two  1750-k«  generators 

' 682  500 

Two  1000-kVA  transforners 

20  800 

General  plant 

12  677 

Belghliorhood  A-*!  pouerplant: 

Two  1750-fcW  generators 

682  500 

Two  350-kVA  transfotoets 

14  600 

General  plant 

13  303 

Keighborhood  A-2  poweeplant 

710  403 

(sane  as  neighborhood  A-1) 

Heighborhood  A- 3 poweeplant 

710  403 

(saoe  as  neighborhood  A-1) 

One-third  of  distribution,  village  A 

64  6B0 

One-third  of  distribution,  neighborhoods  A-1,  A-2,  A-3 

602  000 

Fuel  distribution  (including  fuel} 

138  376 

3.652x106 

1976 

Neighborhood  A-1  powerplant: 

Two  1750-kH  generators 

632  500 

Two  350-ltVA  transforners 

14  600 

Heighborhood  A-2  powerplant 

697  100 

(sane  as  neighborhood  a-1) 

Heighborhood  A-3  powerplant: 

Three  1750-kH  generators 

1 023  750 

Two  350-AVA  transformers 

14  600 

One-third  of  distribution,  village  A 

64  680 

One-third  of  distribution,  neighborhoods  A-1,  A-2,  A-3 

602  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

18  ei2 

3.156 

1977 

Village  A powerplant: 

Two  1750-kH  generators 

682  50C 

Two  1000-kVA  transEotners 

20  800 

Neighborhood  A-1  powerplant: 

One  17S0-kW  generator 

341  250 

Neighborhood  A-2  powerplant 

341  250 

(sane  as  neighborhood  A-1) 

Village  B powerplant: 

One  1750-kU  generator 

301  250 

One  100 -kVA  transforoec 

10  000 

General  plant 

12  677 

neighborhood  B-i  powerplant; 

Two  1760-lcH  generators 

682  500 

Two  J50-kVA  transforners 

14  600 

General  plant 

13  303 

Heighborhood  B-2  powerplant 

710  403 

(sane  as  neighborhood  B-1) 

Neighborhood  B-3  powerplant: 

One  l7S0-kn  generator 

341  250 

One  350-kVA  transformer 

7 300 

General  plant 

13  303 

Town  center  powerplant: 

One  hhlS-kH  generator 

772  62S 

Two  900-kVA  ttansf oreers 

20  BOO 

i 

General  plant 

15  160 

\ 

one-tbird  of  distribution,  village  A 

61  220 

One-third  of  distribution,  neighborhoods  A-1,  A-2,  A-3 

602  000 

One-fourth  of  distribution,  village  a 

43  650 

One-fodrth  of  distribution,  neighborhoods  B-1,  B-2,  B-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

20  850 

5.565 

1978 

Village  a powerplant: 

One  1750-kH  generator 

341  250 

One  1000-kVA  transforner 

1C  400 

Neighborhood  B-1  powerplant: 

Two  i7  50-k(?  generators 

68?  500 

Two  350-kVA  transforners 

14  600 

Heighborhood  B-2  powerplant 

691  100 

(same  as  neighborhood  B-1) 

Neighborhood  B-3  powerplant 

697  100 

(sane  as  neighborhood  E-1) 

E-106 


TiBtE  continaed 


Tear 

Sescrlptictll 

bajor  component 
capital  cost,  1973  S 

Total  capital 
cost,  1973  5 

Town  center  powerplant; 

Ivo  0415-fcV  generators 

1 545  250 

Two  900-kVK  transforners 

20  800 

One~£ourth  o£  distribution,  village  B 

47  200 

One^fourth  o£  distribution,  neighborhoods  B-1,  B-2,  B-3 

452  COO 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

17  562 

4, 564110* 

1979 

Village  B pouerplant: 

One  1750-fcH  generator 

341  250 

One  lODO-bVX  transformer 

10  400 

Heigbborhood  B~1  pouerplant: 

one  17S0-kH  generator 

341  250 

One-fourth  of  distribution,  village  B 

47  200 

one-fourth  of  distribution,  neighborhoods  D-1,  B-2,  B-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

17  562 

■>.248 

1980 

village  B pouerplant: 

One  1750-fc»  generator 

341  250 

One  1000-kVl  transformer 

10  400 

Heigbborhood  B-2  pouerplant: 

One  1750-1:9  generator 

341  250 

neighborhood  B-3  pouerplant; 

One  1750-kH  generator 

341  Z'.i. 

One  350-kVA  transformer 

7 300  S 

village  C pouerplant: 

\ 

One  1750-k9  generator 

341  250 

One  1000-kVi  transformer 

10  400 

General  plant 

12  677 

neighborhood  C-1  pouerplant: 

T9o  1750-k9  generators 

6B2  500 

Tuo  350-kVi  transformers 

14  600 

General  plant 

13  303 

neighborhood  C-2  pouerplant 

710  403 

(same  as  neighborhood  C-1) 

neighborhood  C-3  pouerplant: 

One  1750-fcW  generator 

341  250 

One  350-kvi  transformer 

7 300 

General  plant 

13  303 

One-fourth  of  distribution,  village  B 

47  200 

One-fourth  of  distribution,  neighborhoods  B-1,  b-2,  B-3 

452  000 

One-fonrth  of  distribution,  village  c 

48  650 

One-fourth  of  distribution,  neighborhoods  C-1,  c-2,  C-3 

452  OOO 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution  (including  fuel) 

135  250 

4.362 

1981 

Village  C pouerplant: 

One  1750-kH  generator 

341  250 

One  1000-kVJ  transformer 

10  400 

neighborhood  c-1  pouerplant: 

Tuo  1750-kH  generators 

682  500 

Tuo  350-kVi  transformers 

14  600 

neighborhood  c-2  pouerplant 

697  100 

(sane  as  neighborhood  c-1) 

neighborhood  C-3  poverplant 

697  100 

(same  as  neighborhood  c-2) 

One-fourth  of  distilbutlon,  village  center 

47  200 

one-fourth  of  distribution,  neighborhoods  C-1,  C-2,  C-3 

452  000 

Fuel  distribution 

n 562 

2.960 

1982 

Village  C pouerplant: 

One  17S0-kH  generator 

341  250 

One  1000-kVA  transformer 

10  400 

Eeigbborhocd  c-1  pouerplant: 

One  1750-kH  generator 

341  250 

Toun  center  poverplant: 

One  4415-kH  generator 

772  625 

TUO  900-kVi  transformers 

20  800 
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T&BLE  E-41.-  Continued 


Tear 

Description 

najor  conponent 
capital  cost,  1973  £ 

Total  capital 
cost,  1973  S 

One-fourth  of  distribution,  tillage  C 

47  200 

One-fourth  of  distribution,  neighborhoods  C-1,  C*2,  C-3 

452  000 

One-fifteenth  of  distribution,  toun  center 

30  200 

Fuel  distribution 

17  562 

2.042i10a 

1983 

Village  C poverplnnt; 

One  1750-kV  generator 

341  250 

One  1000-kVi  transforner 

10  400 

Neighborhood  C-2  pouerplant: 

One  i7S0-ltW  generator 

341  250 

Neighborhood  C-3  pouerplant: 

One  l750-fe9  generator 

341  250 

One  350-hVi  transforner 

7 300 

Village  D poverplant; 

One  1750-h»  generator 

341  250 

One  1000-kVA  transforner 

10  400 

General  plant 

12  677 

Heighborhood  D-1  powerplant: 

Tvo  1750-JtH  generators 

602  500 

Two  350-kVA  transfotaets 

14  600 

General  plant 

13  303 

Heighborhood  D-2  powerplant 

710  403 

(sane  as  neighborhood  D-1) 

Heighborhood  D-3  pouerplant: 

One  i7S0-fcS  generator 

341  250 

One  350-kVi  transforner 

7 300 

General  plant 

13  303 

Town  center  poverplant: 

Two  4«l5-k«  generators 

1 545  250 

Two  900-kVA  transforpets 

20  BOO 

One-fourth  of  distribution,  village  C 

47  200 

One-fourth  of  distribution,  neighborhoods  C-i , C-2,  C-3 

452  COO 

one-fourth  of  distribution,  village  D 

48  650 

One-fourth  of  distribution,  neighborhoods  D-1,  0-2,  D-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

20  850 

5.813 

1984 

Village  D powerplant: 

one  1750-kV  generator 

341  250 

One  1000-kVA  transforner 

10  400 

Heighborhood  D-1  powerplant; 

Two  nso-JcH  generators 

682  500 

Two  350-kv&  transforners 

14  1=50 

Neighborhood  D-2  pouerplant 

697  100 

(sane  as  neighborhood  D-1) 

Heighborhood  D-3  pouerplant 

697  100 

(sane  as  neighborhood  0-2) 

Town  center  pouerplant: 

One  4415-kH  generator 

772  625 

Two  900-kVh  transforpets 

20  800 

one-fourth  of  distribution,  village  D 

47  200 

One-fourth  of  distribution,  neighborhoods  D-1,  D-2,  D-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

17  562 

3.792 

1905 

Village  D powerplant; 

One  1750-kH  generator 

341  250 

One  1000-kVA  transforner 

10  400 

Neighborhood  D-1  pouerplant: 

One  1750-fcU  generator 

341  250 

One-fourth  of  distribution,  village  D 

47  200 

One-fourth  of  distribution,  neighborhoods  D-i , D-2,  D-3 

452  000 

One-fifteenth  of  distribution,  town  center 

36  200 

Fuel  distribution  (including  fuel) 

131  962 

1.363 

1986 

Village  D powerplant: 

One  1750-fcH  generator 

341  250 

One  1000-fcVl  transforner 

10  400 

Neighborhood  D-2  pouerplant: 

One  1750-fcH  generator 

341  250 

Neighborhood  D-3  powerplant; 

One  1750-kH  generator 

341  250 

One  350-kVA  transforner 

7 300 

TABLE  E-41.-  Continued 


Year 

Description 

Kajor  coifponent 
capital  c^st,  1973  s 

Total  capital 
cost,  1973  £ 

Tillage  E pouerplant: 

* 

One  1750-kH  generator 

3%1  250 

One  1000-fcVA  transforner 

10  400 

General  plant 

12  677 

Neighborhood  E-1  powerplant: 

Two  1750-hB  generators 

682  500 

Tvo  ESO-kVA  transforaers 

14  600 

General  plant 

13  303 

Neighborhood  B-2  powerplant 

710  403 

(same  as  neighborhood  B-1) 

Neighborhood  S-3  pouerplant: 

One  ITSO-hN  generator 

341  250 

One  350-kTh  transforaet 

7 300 

General  plant 

13  333 

Town  center  pouerplant: 

One  h415-hR  generator 

772  625 

One  900-kVA  transformer 

10  400 

one-fourth  distribution,  village  0 

47  200 

One-fourth  of  distribution,  neighborhoods  D-1,  D-2,  D-3 

452  000 

One-fourth  of  distribution,  village  £ 

46  650 

One-fourth  of  distribution,  neighborhoods  E-1,  E-2,  E-3 

452  000 

One-fifteenth  of  distribution,  town  center 

36  200 

Fuel  distribution 

20  eso 

5.030x106 

1967 

Village  E powerplant; 

One  1750-kH  generator 

341  250 

One  1000-kVA  transforner 

10  400 

Neighborhood  e-1  powerplant: 

Two  17S0-kW  generators 

662  500 

Two  350-kVA  ttansforners 

14  600 

Neighborhood  E-2  powerplant 

697  100 

(sane  as  neighborhood  E-1> 

Neighborhood  E-3  powerplant 

697  100 

(sane  as  neighborhood  B-2) 

One-fourth  of  distribution,  village  E 

47  200 

One-fourth  of  distribution,  neighborhoods  E-1,  £-2,  E-3 

452  000 

Fuel  distribution 

17  562 

2.960 

1988 

Village  E powerplant; 

One  1750-kW  generator 

341  250 

One  1000-kVA  transformer 

10  400 

Neighborhood  E-i  powerplant: 

One  1750-kS  generator 

341  250 

Town  center  powerplant; 

One  4415-kW  generator 

772  625 

Two  900-kVA  transformers 

20  800 

One-fourth  of  distribution,  village  E 

47  200 

One-fourth  of  distribution,  neighborhoods  B-1,  E-2,  E-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

18  912 

2.043 

1969 

Village  E powerplant: 

One  1750-k8  generator 

341  250 

One  1000-kVfl  transformer 

10  400 

Neighborhood  E-2  powerplant: 

One  1750-kfl  generator 

341  250 

Neighborhood  S-3  powerplant: 

One  1750-kW  generator 

341  250 

One  350-kVa  transformer 

7 300 

Village  P powerplant; 

One  1750-kW  generator 

341  250 

One  1000-kVA  transforner 

10  400 

General  plant 

12  677 

Neighborhood  F-1  powerplant: 

Two  1750-kH  generators 

602  500 

Two  350-kVfl  transformers 

14  600 

General  plant 

13  303 

Neighborhood  F-2  powerplant 

710  403 

(same  as  neighborhood  F-1) 
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X&BLE  B-41.'  Continaed 


T«ar 

Oeficriptidti 

Major  conponent 
capital  cost,  1973  9 

total  capital 
cost,  1973  S 

Heigbtiorbood  f-3  powerplant: 

One  1750-klI  generator 

341  250 

Due  350-k?&  transforner 

7 300 

General  plant 

13  303 

One'faarth  of  distribution^  village  B 

47  200 

One-fourth  of  distribution,  neighborhoods  E-1,  E-2,  E-3 

452  000 

one-fourth  of  distribution,  village  p 

48  650 

One-fourth  of  distribution,  neighborhoods  P-1,  P-2,  P-3 

452  000 

One-fifteenth  of  distribution,  toun  center 

38  200 

Fuel  distribution 

22  413 

4. 249x10* 

1990 

Village  P power plant: 

One  1750-hR  generator 

341  250 

One  1000-fcVA  transfoEBBc 

10  400 

Beigbborhood  P-1  pouer plant; 

Two  1750-JtB  generators 

Two  3S0-kV&  transfocBors 

14  600 

Beigbborhood  P-2  pouerplant 

697  100 

(sane  as  neighborhood  F-1) 

Heighborhood  P-3  povorplant 

697  100 

(sane  as  neighborhood  F-2) 

One-fourth  of  distribution,  village  P 

47  200 

One-fourth  of  distribution,  neighborhoods  P-1,  P-2,  F-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution  {including  fuel) 

13’  962 

3.113 

1991 

Village  P pouerplant; 

One  IVSO-M  generator 

341  250 

one  lOOO-hVh  transforner 

10  400 

BeighboEhood  P-1  pouerplant: 

One  1750-kB  generator 

341  250 

One-fourth  of  distribution,  village  F 

47  200 

One-fourth  of  distribution,  neighborhoods  p-1,  F-2,  F-3 

452  000 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

17  562 

1.248 

1992 

Village  F pouerplant: 

One  175O-X0  generator 

341  250 

One  1000-XV&  transforner 

10  400 

neighborhood  P-2  pouerplant; 

One  1750-XH  generator 

341  250 

Heighborhood  P-3  pouerplant; 

One  1750-kit  generator 

341  250 

One  350-XVh  transforoer 

7 300 

Village  6 pouerplant; 

Two  1750-kiI  generators 

682  500 

Two  lOOO-kva  transforners 

20  800 

General  plant 

12  677 

neighborhood  G-1  pouerplant; 

Two  1750-kH  generators 

682  500 

Two  350-kVA  transforners 

14  600 

General  plant 

13  303 

Heighhorhood  G-2  pouerplant 

710  403 

(sane  as  neighborhood  G-1) 

Heighborhood  G-3  pouerplant 

710  403 

(sane  as  neighborhood  G-2) 

Town  center  pouerplant: 

One  hhlS-tlt  generator 

772  625 

One  900-kVi  transforner 

10  400 

One-fourth  of  distribution,  village  F 

47  200 

One-fourth  of  distribution,  neighborhoods  F~1,  F-2,  F-3 

452  000 

One-third  of  distribution,  village  G 

64  680 

One-third  of  distribution,  neighborhoods  G-1,  G-2,  G-3 

602  COO 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  distribution 

20  850 

5.697 

E-1 10 


Tear 

Description 

aajot  coMponent 
capital  cost,  1973  S 

Total  capital 
cost,  1973  S 

1993 

Heighborhood  G-1  poverplant: 

Two  17S0-KB  generators 

682  500 

Two  350-kVfc  transforners 

in  600 

neighborhood  G-2  powerplant 

697  10O 

(saae  as  neighborhood  6-1) 

Heighborhood  6-3  powerplant 

697  100 

(saoe  as  neighborhood  G-2) 

one-third  of  distribution,  village  G 

SU  6B0 

One-third  of  distribution,  neighborhoods  G-1,  G-2,  G-3 

602  000 

Fuel  distribution 

0 

2.756r10* 

199II 

Village  G powerplant: 

Two  1750-kK  generators 

682  500 

Two  1000-JtVA  transforners 

20  800 

neighborhood  G-1  powerplant: 

One  1750-kH  generator 

3h1  250 

neighborhood  G-2  powerplant: 

One  1750-k8  generator 

341  250 

neighborhood  G-3  powerplant: 

One  17SQ-kH  generator 

341  250 

One-third  of  distribution,  village  G 

61  220 

One-third  of  distribution,  neighborhoods  G-1,  G-2,  G-3 

602  000 

Fuel  distribution 

0 

2.390 

TABLB  E-42.-  BIOS  OPTIOH  I ELECTRICAL  POHBR  DISTHIBOTIOH 
(COEPOHEHT  CAPITAL  COSTS) 


component 

cost,  1973  5 

village  center r 

One-third  of  village  center: 

350-HCM  wire,  4700  ft  at  52. 78/ft 

13  100 

Ground  wire,  1/0«  1570  ft  at  $1. 26/ft 

1 9S0 

Twenty-seven  80-kW  transformers  at  51450  ea. 

39  200 

Three  BOO-kH  switchgears  at  53460  ea. 

10  400 

64  680 

Subtract  one  switchgear  for  last  year 

-3  460 

Total 

61  220 

One-fourth  of  village  center: 

350- MCE  wire,  3525  ft  at  52. 78/ft 

9 800 

Ground  wire,  1/0,  1180  ft  at  51.26/ft 

1 490 

Twenty  80-kU  transformers  at  51450  ea. 

29  000 

Two  800-kP  switchgears  at  53640  ea. 

6 900 

47  190 

Add  one  transformer  the  first  year 

1 450 

Total 

48  640 

1 Each  neighborhood^ 

One-third  of  three  neighborhoods; 

5O0-HCH  wire,  102  150  ft  at  53.58/ft 

366  000 

Ground  wire,  1/0,  34  050  ft  at  $ 1.26/ft 

42  900 

107  transformers  (80-kTI)  at  51450  ea. 

155  100 

Eleven  800-kV  switchgears  at  53460  ea. 

38  .000 

Total 

602  000 

One-fourth  of  three  neighborhoods. 

3/4  (5602  000) 

452  000 

Town  center  (same  for' options  I and  II),  1/15  totals; 

600-BCH  wire,  3700  ft  at  S3. 85/ft 

14  230 

Ground  wire,  1/0,  1233  ft  at  $-1. 26/ft 

1 550 

9/15  of  one  44SQ-kVA  transformer  at  520  000 

1 2 000 

Three  800-kR  switchgears  at  53460  ea. 

10  400 

Total 

38  180 

General  plant  items 

Each  neighborhood  EIU5: 

One  7000-gal  fuel  tank 

3 333 

7000-gal  initial  fuel  load 

1 000 

One  5-ton  crane 

3 970 

Tools 

5 000 

Each  village  center  BIOS: 

One  6000-gal  fuel  tank 

2 857 

6000  gal  of  fuel 

850 

One  5-ton  crane 

3 970 

Tools 

5 000 

Town  center  BIOS* 

One  10  OOO-gal  fuel  tank 

4 760. 

10  000  gal  of  fuel 

1 430 

One  5-ton  crane 

3 970 

Tools 

5 000 

iThe  village  centei:  reguirements  are  4700  feet  of  right- 
of-vay,  350-ECH  wire,  1/0  ground  wire,  eighty-one  80-kH 
transf oraers  (88  kVi)  , and  eight  800-kH  switchgears. 

2The  requirenents  for  each  neighborhood  are  34  0 50 
feet  of  right-of-way,  500-HCH  wire,  1/0  ground  wire,  107 
transformers  (80-k8)  , and  eleven  800-kR  switchgears. 
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•TABLE  E-43.-  DIESEL  PDEL  POHEPPLAET  (OBH  COSTSl 
[Feob  ref.  E-17] 


Plant  no: 

HO.  Of 
engines 

Installation 

date 

{1} 

Size, 

HH 

Ban 

factor 

Cost,  mills/kflb 

Attendant  and 
supervision 

Lubrical:ion 

oil 

Supplies  and 
niscellaneous 

Engine 

repair 

All  other 
repairs 

Total 

maintenance 

(21 

82 

6 

1971 

36.00 

70. i 

2.02 

0.59 

0.54 

1.83 

0.41 

3.37 

76 

13  . 

1968 

51.74 

90.7 

1.07 

.48 

.21 

C3) 

£3) 

2.52 

790 

5 

1951 

11.00 

74.0 

2.65 

.56 

.20 

.83 

.08 

1.67 

97 

a 

1970 

19.77 

73.0 

(“I) 

(4) 

(B) 

(«) 

607 

5 

1969 

7.95 

78.7 

2.41 

.21 

2.30 

2.51 

1416 

7 

1969 

15.72 

67.2 

2,21 

.54 

, 27 

1.96 

.22 

2.99 

S2.61 

"3.00 

‘Date  of  latest  installation. 

“Does  not  include  "attendant  and  supervision"  costs. 

3Total  of  1.03  mills/fcUh  for  Loth  "engine  repair"  and  "all  other  repairs," 

♦Ho  data  reported. 

^Average  maintenance  costs  for  five  plants,  Did-19&9  to  Bid-197a. 

61973  naintenance  cost  for  options  I and  II  diesel  poaerplants,  assuming  50  percent  labor  and  50  percent  materials  and 
assuming  15  percent  increase  in  cost  to  mid-1973. 


TABLE  B-44.-  HIUS  OPTIOH  1 FUEL  DISTBIBUTIOH  SUBSYSTEH 


(ANNUAL  CAPITAL  OUTLAYS) 


Year 

Description 

Major  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

1975 

Central  storage  tank^ 

33  000 

Two  15-hp  pumps 

1 563  ea . 

Two  2-hp  pumps  (village  A) 

675  ea. 

Three  1-hp  pumps  (village  A) 

646  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

0. 0570x106 

1976 

Two  2’hp  pumps  (town  center) 

675  ea. 

2-1/2-  in.  main 

4 122 

1-in.  secondary 

13  440 

.0189 

1977 

Two  2-hp  pumps  (village  B) 

675  ea. 

Tnree  1-hp  pumps  (village  B) 

646  ea. 

2-1/2  in.  main 

4 122 

1-in.  secondary 

13  440 

. 0208 

1978 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

, 0176 

1979 

2-1/2 'in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1980 

Central  storage  tank^ 

33  000 

Two  2-hp  pumps  (village  C) 

675  ea. 

Three  1-hp  pumps  (village  C) 

646  ea. 

2-1/2-in-  main 

4 122 

1-in.  secondary 

13  440 

.0538 

1981 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1982 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

. 0176 

1983 

Two  2-hp  pumps  (village  D) 

675  ea. 

Three  1-hp  pumps  (village  D) 

646  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0208 

19  8a 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

^central  storage  tank  initial  loads  of  fuel  at  $81  400  added 
in  years  1975,  1980,  1985,  and  1990  in  the  DCP  analysis. 


TABLE  E-44.-  Concluded 


Year 

Description 

Major  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

1985 

Central  storage  tank* 

33  000 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

0. 0506x10* 

1986 

Two  2-hp  pumps  (village  E) 

675  ea . 

Three  1-hp  pumps  (village  E) 

646  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0208 

1987 

2-1/2-in.  main 

'4  122 

1-in.  secondary 

13  440 

.0176 

1988 

Two  2-hp  pumps  (town  center) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0189 

1989 

One  15-hp  pump 

1 563 

TWO  2-hp  pumps  (village  F) 

675  ea. 

Three  1-hp  pumps  (village  F) 

646  ea . 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0224 

1990 

Central  storage  tank* 

33  000 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0506 

1991 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1992 

Two  2-hp  pumps  (village  G) 

675  ea. 

Three  1-hp  pumps  (village  G) 

646  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0208 

1993 

(2) 

0 

1994 

(2) 

0 

^Central  storage  tank  initial  loads  of  fuel  at  $81  400  added  in 
years  1975,  1980,  1985,  and  1990  in  the  DCE  analysis, 
zpuel  distribution  system  complete. 


TABLE  E-45.-  MIUS  OPTION  I WATER  SUPPLY  SUBSYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

FUEL  C0ST  IS  102.00  CENTS  PER  MBTU>  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  MADE  11/30/73 

D.^  C.  F.  analysis  for 

MIUS  WATER  SUPPLY  SYSTEM  - 0PTI0N  I (11/30/73) 


COST  FLOW  TABLE 
CALL  COSTS  IN  $ X 10E6) 


INVESTMENT  MAINTENANCE  OPERATIONS 

TOTAL 

PRESENT 

CUMULATI  VE 

YEAR 

COST 

COST  COST 

COST 

VALUE 

P.  V.C0ST 

1975 

20. 489 

0.016 

0.  000 

20.  505 

20. 503 

20.  503 

1976 

0.  48  7 

0.  040 

0.  OOQ 

0.  528 

0.  454 

20.958 

19  77 

1.916 

0.09  5 

0.000 

2.  010 

1.511 

22. 468 

19  78 

0.  235 

0.  146 

0.  000 

0.  38  1 

0.238 

22. 707 

1979 

0.264 

0.  183 

0.  000 

0.  447 

0.242 

22.948 

1980 

3.  453 

a.  229 

0.000 

3.  68  7 

1.818 

24. 767 

1981 

0.  244 

0.  271 

0.  000 

0.516 

0.  208 

24.974 

1982 

0.252 

0.  316 

0.  000 

0.  568 

0.  19S 

25.  172 

1983 

a.  3 1 7 

0.  375 

0.  000 

2.  69  2 

0.864 

26.036 

1984 

0.  267 

0.  438 

0.  000 

0.  705 

0.  184 

26.221 

1985 

0.275 

0.  490 

0.  000 

0.  766 

0.  1 73 

26. 394 

1986 

4.  761 

0.  554 

0.  000 

5.  315 

1 . 127 

27.521 

1987 

0.960 

0.619 

0.000 

1 . 579 

0.280 

27.801 

1988 

0.  301 

0.  69  3 

0.  000 

0.994 

CU  147 

27.943 

1989 

2.  476 

0.747 

0.  000 

3.  223 

0.  442 

28.389 

1990 

0.  321 

0.919 

0.  000 

1.240 

0.  1 38 

28. 527 

199  1 

0.  337 

0-989 

0.  000 

1.  326 

0.  128 

28.655 

1992 

4.  417 

1.09  5 

0.  000 

5.  512 

0.  499 

29.154 

1993 

0.  349 

1.202 

0.000 

1.  550 

0.113 

29.267 

'1994 

0.  359 

1.29  5 

0.  000 

1. 654 

0.  104 

29.371 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES, 

ESCALATED  PRICES 

NON- DISCO  UN TED 

1 N0N- 

DISCO UN  TED 

DISCOUNTED  TO  19' 

CAPITAL  EQUIP. 

36.  103- 

44.  43  6 

27.  629 

LESS 

RESID.  VALUE 

28  . 4 1 7 

36. 701 

2.242 

NET  CAPITAL  COSTS 

7.  686 

7.  78  5 

25, 387 

COSTS 

FOR  FUEL 

0.  000 

0.  000 

0.000 

OTHER 

OP.  COSTS 

0.  000 

0.000 

0.000 

MAINTENANCE  COSTS 

6.  618 

10.712 

1.742  • 

TOTAL 

COSTS 

14.  304 

18.  49  7 

27.  128 

CUMULATIVE  SERVICE  DELIVERED  = 

53. 

48000 

AVERAGE  UNIT 

COSTS  for  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICE-j 

N0N-DI SCO  UNTED 

NON- 

DISCOUNTED 

DISCOUNTED  T0  19' 

CAPITAL  EQUIP. 

0.  675 

0.832 

0.517 

LESS 

RESID.  VALUE 

0.  531 

0.  636 

0.042 

NET  CAPITAL  COSTS 

0.  1 44 

0-  146 

0.  475 

COSTS 

FOR  FUEL 

0.000 

0.  000 

0.000 

OTHER 

OP.  COSTS 

0.  000 

0.000 

0.000 

MAINTENANCE  COSTS 

0.  124 

0.  200 

0.033 

TOTAL 

COSTS 

0.  267 

0.  346 

0.507 

TABLE  E-46.-  MIUS  OPTION  I NATEE  SUPPLY  SDBSYSTBH 
(INPUTS  TO  DCE  PBOGRAH) 


Year 

Capital, 
1973  $ 

Useful 

life. 

OSH, 
1973  $ 
(1) 

Service 

delivered, 

gal 

1975 

1. 000x10* 

30 

0.01486x10* 

0. 12x109 

3,  663 

50 

n.  650 

100 

1976 

.089 

50 

.0359 

.29 

.357 

100 

1977 

.340 

50 

.0817 

.66 

1.362 

100 

1978 

.041 

50 

.1222 

.99 

. 162 

100 

1979 

.044 

50 

. 1486 

1.20 

. 177 

100 

1980 

1.000 

30 

. 1808 

1.46 

.362 

50 

1.450 

100 

1981 

. 039 

50 

.208 

1.68 

.154 

100 

1982 

. 039 

50 

.235 

1.90 

.154 

100 

1983 

.345 

50 

.271 

2.19 

1.379 

100 

19  84 

.039 

50 

.307 

2.48 

.154 

100 

1985 

. 039 

50 

.334 

2.70 

.154 

100 

1986 

1.000 

30 

.366 

2.96 

. 449 

50 

1.793 

100 

iTreatment  plant  O&M  labor  at  5.92?:/1000  gal; 
chemicals  at  2.69ii/1000  gal;  miscellaneous  at 
2.28s!;/1000  gal;  distribution  OSH  at  1.48(S/1000  gal 
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TABLE  B-47.-  BIOS  OSTIOH  I HATER  SOPPLI  SUBSTSTEH  (ANHDAi.  JAPITAL  OOTLATS) 


Year 

Qescrlption 

Major  component 

Total 

capital  cost. 

capital  cost. 

1973 

$ 

1973  $ 

1975 

Village  A first-yr  developaent: 

Village  center  piping 

296 

600  ft  of  2“in.  PVCi  at  $2. 16/ft 

1 

800  ft  of  3-in.  PVC  at  $3. 00/ft 

3 

040 

2250  ft  of  6-in.  PVC  at  111.34/ft 

25 

515 

1100  ft  of  8-in,  cast  iron  at  512.86/ft 
Village  center  fire  piping 

14 

146 

700  ft  of  6-in,  monoline  at  $7, 80/ft 

5 

460 

2900  ft  of  8-in.  aonoline  at  511.24/ft 

32 

596 

1550  ft  of  15-in.  aonoline  at  $22, 94/ft 

35 

557 

Village  center  fire  puaps 

Three  fire  pumps^  1500  gal/min 
Village  center  water  pond 

12 

504 

5694  yd^  at  50(S/yd® 
Three  neighborhood  mains 

2 

847 

810 

450  ft  of  1.5-in.  PVC  at  $1. 80/ft 

3000  ft  of  2-in.  PVC  at  $2. 16/ft 

6 

480 

9450  ft  of  3 -in.  PVC  at  $3.80/ft 

35 

910 

25  500  ft  of  6-in.  PVC  at  $11. 34/ft 

289 

170 

7200  ft  of  8-in,  cast  iron  at  $12. 86/ft 
Three  neighborhood  fire  pipings 

92 

592 

17  400  ft  of  a-in.  aonoline  at  $11. 24/ft 

195 

576 

24  000  ft  of  10-in.  aonoline  at  $15. 92/ft 
Three  neighborhood  water  ponds 

382 

080 

17  082  yd3  at  SOfS/yd^ 
Potable  water  supply  pumps 

8 

541 

12  pUHps,  206  gal/min 

13 

020 

Keighborhood  development  (A) : 

one-third  of  potable  water  supply  piping 
22  200  ft  of  3-in.  PVC 
One-tbird  of  fire  piping 

84 

360 

22  200  ft  of  6-in.  monoline 

173 

160 

Hater  source  supply  pumps: 

000 

Pumping  station 

28 

One  puapf  3140  gal/min 
Source  supply  piping: 

4 

570 

79  200  ft  of  42-in.  cast  iron  at 

13 

509 

144 

$170. 57/ft 

9600  ft  of  16-in.  cast  iron  at  $36.84/ft 

353 

664 

7750  ft  of  24-in.  cast  iron  at  $70. 18/ft 

543 

895 

9360  ft  of  30-in.  cast  iron  at  $98. 27/ft 

919 

807 

2400  ft  of  36-in,  cast  iron  at  $136. 58/ft 

327 

792 

18.313r10<^ 

7100  ft  of  42-in.  cast  iron  at  $170, 57/ft 

1 

211 

0 47 

4xl0*-gal/day  treataent  plant 

1 

000 

000 

1.000 

1976 

village  A: 

One-third  of  neighborhood  development 
Town  center  pumps: 

257 

520 

Two  pumps,  500  gal/nin 

4 

160 

ipvc  = polyvinyl  chloride. 


OBIGINAL  PAGE  IS 
OS'  POOR  quality; 
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T6BLE  5-47.-  Continued 


Year 

Description 

Hajor  component 

Total 

capital  cost. 

capital  cost. 

1973  $ 

1973  $ 

Town  center  potable  water  supply  piping: 

200  ft  of  3-in.  PVC  at  $3. 80/ft 

760 

100  ft  of  4-in.  PVC  at  $5, 49/ft 

549 

1300  ft  of  8-in,  cast  iron  at  $12. 86/ft 

16 

718 

000  ft  of  10-in,  cast  iron  at  $16, 91/ft 

13 

528 

2750  ft  of  12-in.  cast  iron  at  $22. 31/ft 

61 

353 

3100  ft  of  14-in.  cast  iron  at  $29. 64/ft 
Town  center  fire  piping: 

91 

884 

2300  ft  of  12-in.  monoline  at  $22. 94/ft 

52 

762 

5350  ft  of  16-in.  monoline  at  $34. 63/ft 
Town  center  fire  pumps: 

183 

271 

Three  pumps,  1875  gal/nin 

12 

159 

0.697x10* 

1977 

Village  A: 

one-third  of  neighborhood  development 

257 

520 

Village  B first-yr  development 
(same  as  village  A 1975) 
Neighborhood  development  (B)  : 

1 157 

140 

One-fouttb  of  potable  water  supply  piping 
16  650  ft  of  3-in,  piping 
One-fourth  of  fire  piping 

63 

270 

16  650  ft  of  6-in.  piping 

129 

870 

Town  center  pump; 

One  pump,  500  gal/oin 

2 

080 

Town  center  potable  pump: 

300  ft  of  6-in.  PVC  at  $11. 34/ft 
Town  center  fire  piping: 

3 

402 

300  ft  of  12-in.  monoline  at  $22. 94/ft 
Source  supply  piping: 

6 

882 

2400  ft  of  16-in.  cast  iron  at  $36. 84/ft 

88 

416 

1.708 

1978 

Village  B: 

One-fourth  of  neighborhood  development 
Town  center  potable  water  supply  piping; 

193 

140 

800  ft  of  8-in.  cast  iron  at  $12. 86/ft 
Town  center  fire  piping: 

10 

288 

700  ft  of  12-in.  monoline  at  $22, 94/ft 

16 

058 

. 219 

1979 

Village  9: 

One-fourth  of  neignborhood  development 
Town  center  pump; 

193 

140 

One  pump,  SCO  gal/min 
Town  center  potable  water  supply  piping; 

2 

080 

3C0  ft  of  3-in,  PVC  at  $3.S0/ft 

1 

140 

100  ft  of  4-in.  PVC  at  $5. 49/ft 

549 

2100  ft  of  6-in.  PVC  at  $11. 34/ft 
Town  center  fire  piping; 

23 

814 

1900  ft  of  8-in.  monoline  at  $11. 24/ft 

21 

356 

100  ft  of  12-in,  monoline  at  $22. 94/ft 

2 

294 

.244 

TABLE  E-47.-  Continued 


Year 

Description 

Major  component 

Total 

capital 

cost. 

capital  cost. 

1973  $ 

1973  $ 

1980 

Village  B; 

One-fourth  of  neighborhood  development 

193 

140 

Village  C first-yr  developnent 

1 

157 

140 

(same  as  village  A 1975) 
Neighborhood  development  (C) 

193 

140 

(same  as  1977) 

Town  center  potable  water  supply  piping; 

300  ft  of  6-in.  PVC  at  $11. 34/ft 
Town  center  fire  piping: 

3 

402 

350  ft  of  3-in.  aonoline  at  $11. 24/ft 

3 

934 

410C  ft  of  6-in.  monoline  at  $34. 63/ft 
Source  supply  piping: 

141 

983 

7200  ft  of  6-in.  cast  iron  at  $36. 84/ft 

265 

248 

1.958x10* 

4x1C®“gal/day  treatment  plant 

1 

000 

000 

1.000 

1981 

Village  C; 

One-fourth  of  neighborhood  development 

193 

140 

.193 

1982 

Village  C: 

One-fourth  of  neighborhood  development 

193 

140 

.193 

1983 

Village  C: 

One-fourth  of  neighborhood  development 

193 

140 

Village  D first-yr  development 

1 

157 

140 

(same  as  village  A 1975) 
Neighborhood  development  (D) 

193 

140 

(same  as  1977) 

Town  center  potable  water  supply  piping: 
100  ft  of  4-in.  PVC  at  $5. 49/ft 
Town  center  fire  piping: 

549 

100  ft  of  12-in.  nonoline  at  $22. 94/ft 

2 

294 

Source  supply  punp; 

One  supply  pump,  3140  gal/min 
Source  supply  piping: 

4 

578 

2500  ft  of  24-in.  cast  iron  at  $70. 18/ft 

175 

450 

1.726 

1984 

Village  D: 

One-fourth  of  neighborhood  development 

193 

140 

. 193 

1985 

Village  D: 

One-fourth  of  neighborhood  development 

193 

140 

.193 

1986 

Village  D: 

One-fourth  of  neighborhood  development 

193 

140 

Village  E first-yr  development 

1 

157 

140 

(same  as  village  A 1975) 
Neighborhood  development  (E) 
(same  as  1977) 

Source  supply  piping; 

193 

140 

14  200  ft  of  16-in.  cast  iron  at  $36. 84/ft 

523 

128 

2400  ft  of  24-in,  cast  iron  at  $70. 18/ft 

175 

380 

2.242 

4x10«-gal/day  treatment  plant 

1 

000 

000 

1.000 

ORIGINAL  PAGE  IS 
OP  POOR  QUALTPY, 
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rABLE  £-47.-  Concluded 


Tear 

Description 

Hajor  component 

Total 

capital  cost. 

capital  cost. 

1973  $ 

1973  $ 

1987 

Village  E: 

One-fourth  of  neighborhood  developaent 
Source  supply  piping: 

193  140 

12  000  ft  of  16-in.  cast  iron  at  $36, 84/ft 

442  080 

0.635x106 

1988 

Village  B: 

One-fourth  of  neighborhood  development 

193  140 

. 193 

1989 

Village  E: 

one-fourth  of  neighborhood  development 

193  140 

Village  F first -yr  development 

1 157  140 

(same  as  village  A 1975) 
Neighborhood  development  {F) 

193  140 

1.543 

(same  as  1977) 

1990 

Village  F: 

one-fourth  of  neighborhood  development 
Town  center  potable  water  supply  piping; 

193  140 

100  ft  of  4-in.  PVC  at  S5. 49/ft 
Town  center  fire  piping: 

549 

100  ft  of  12-in.  monoline  at  $22, 94/ft 

2 294 

.196 

1991 

Village  F; 

One-fourth  of  neighborhood  development 
Source  supply  pump: 

193  140 

one  supply  pump,  3140  gal/min 

4 578 

. 190 

19  92 

Village  F: 

One-fourth  of  neighborhood  development 

193  140 

Village  G first-yr  development 

1 157  140 

(same  as  village  A 1975) 
Neighborhood  development  (G) 

257  520 

(same  as  1975) 
Source  supply  piping; 

9600  ft  of  16-in.  cast  iron  at  $36. 84/ft 

353  664 

2i10»-gal/day  treatment  plant 

558  000 

2.519 

1993 

Village  G; 

One-third  of  neighborhood  development 

257  200 

.257 

1994 

Village  G; 

One-third  of  neighborhood  development 

257  200 

.257 

TiBLE  E-aa.-  BIOS  0?TI0H  I BATBB  SDPPM  SOBSYSTEH  (COBPOBEHT  CAPITAL  COSTS) 


Conponeat 

Quantity,  ft 

Cost,  $ 

Cast  iron  pipe,  S-ln.  (no  trenching) : 

Village  center,  (llOO  ft  s 7) 

7 700 

neighborhood  sains,  (3400  ft  x 21) 

SO  400 

CBD 

2 100 

Total 

60  200 

774  172 
(12. 86/ft) 

Cast  iron  pipe,  10-*in.  (no  trenching)  : 

CBD 

800 

13  S2B 
(16.91/ft) 

Cast  iron  pipe,  12-in.  (no  trenching) : 

CBD 

2 750 

61  353 
(22. 31/ft) 

Cast  iron  pipe,  I4~in.  (no  trenching): 

CBD 

3 100 

91  884 
(29.64/ft) 

Cast  iron  pipe,  10-in.  (includes  trenching)  : 

Source  supply 

55  000 

2 026  200 
(36, 84/ft) 

Cast  iron  pipe,  24-in.  (includes  trenching) ; 

Source  supply 

21  650 

877  777 
(70.18/ft) 

Cast  iron  pipe,  30-in.  (includes  trenching)  : 

Source  supply 

9 360 

919  807 
(98.27/ft) 

Cast  iron  pipe,  36-in.  (includes  trenching)  : 

Source  supply 

2 400 

327  792 
(136. 58/ ft) 

Cast  iron  pipe,  42-in.  (includes  trenching) : 

15  miles  froa  source 

79  200 

Source  supply 

7 100 

Total 

86  300 

14  720  191 
(170.57/ft) 

EVC  pipe,  1.5-in.  (no  trenching); 

Heighborhood  mains  (150  ft  x 21) 

3 150 

5 670 
(1,80/ft) 

PVC  pipe,  2-in.  (no  trenching)  : 

Village  center  (600  ft  x 7) 

4 200 

neighborhood  mains  (1000  ft  x 21] 

21  000 

Total 

25  200 

54  432 
(2.16/ft) 

PVC  pipe,  3-in.  (no  trenching)  : 

Village  center  (800  ft  x 7) 

5 600 

Heighborhood  mains  (3150  ft  x 21) 

66  150 

neighborhood  street  mains  (22  200  ft  x 21) 
CBD 

466  200 
500 

Total 

538  450 

2 046  110 
(3.80/ft) 

E-123 


COQponent 


Quantity,  ft 


Cost,  £ 


P7C  pipe,  4-in.  (no  trenching} ; 

CBD 

400 

2 196 
(5.49/ft) 

PVC  pipe,  6-in.  (no  trenching) ; 

Village  center  (2250  ft  i 7} 

15  760 

CBD 

2 700 

Total 

18  450 

209  223 
(11.34/ft) 

Honoline  pipe,  6-in.  (no  trenching)  : 

Village  center  (700  ft  x T, 

4 900 

Neighborhood  street  nains  (22  200  ft  x 21) 

466  200 

Total 

1 

471  Too 

3 674  530 
(7.30/ft) 

honoline  pipe,  B-in.  (no  trenching) : 

Village  center  (2900  ft  x 7) 

20  300 

Heigbborhood  (BOOO  ft  x 21) 

163  000 

Torn  center 

2 250 

Total 

190  550 

2 141  782 
(11, 24/ft) 

Honoline  pipe,  10-in.  (no  trenching) : 

Neighborhood  (8000  ft  x 21) 

163  000 

2 674  560 
(15.92/ft) 

Honoline  pipe,  12-in.  (no  trenching)  : 

I Village  center  (1550  ft  x 7) 

10  350 

Tovn  CQDter 

3 600 

331  4&3 
(22.94/ft) 

Total 

14  450 

Honoline  pipe,  16-in.  (no  trenching) : 

Town  center 

9 450 

327  254 
(34.63/ft) 

Hater  supply  pumps,  206-gal/min: 

84  at  SI 085  ea. 

91  140 

PuBping  station 

23  000 

Hater  source  pumps,  3140-gal/min: 

Three  at  $4578  ea. 

13  734 

CBD  pUBps,  SOO-gal/aln: 

Four  at  $2080  ea. 

8 320 

Fire  pnips  for  village  complexes,  1 500-gal/min: 

21  at  $4168  ea. 

07  528 

TABLE  E-49.“  MIUS  OPTIONS  I AND  II  HOT-WATER  SUBSYSTEM  COSTS 

(DCF  PROGRAM  OUTPUT) 

FUEL  C0ST  IS  102.00  CEf'JTS  PEh  MBTU,  WITH  ESCALATION  l<ATI3  0.050 
THIS  HUN  MADE  12/  5/73 

D.'  C.  F.  ANALYSIS  F0H 

MIUS  HOT  WATER  CUSED  F0k  BOTH  OPTIONS)  - 12/5/73 

COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 


INVESTMENT  MAINTENANCE  OPEKATIONS 

TOTAL 

PRESENT 

CUMULATI  VE 

YEAH 

COST 

COST  COST' 

COST 

VALUE 

P.  V.COST 

1975 

0.208 

0.  01  1 

0.  000 

0.  219 

0.  217 

0.217 

1976 

0.225 

0.  023 

0.000 

0.  248 

0.213 

0.  430 

1977 

Q.3S9 

0.043 

0.000 

0.  433 

0.  323 

0.  753 

1^78 

0.  176 

0.  054 

0.000 

0.  229 

0.  1 46 

0.899 

19  79 

0.186 

0.  065 

0.  000 

0.  251 

0.  139 

1.038 

19B0 

0.  370 

0.08  6 

0.000 

0.  456 

0.221 

1. 259 

198  1 

0.  19  1 

0.095 

0.  000 

0.  289 

0.  1 19 

1. 378 

1982 

0.197 

0.  1 1 1 

0.000 

0.  308 

0.  1 10 

1.488 

1983 

O'.  405 

0.  136 

0.000 

0.  540 

0.  1 71 

1 . 659 

1984 

0.212 

0.  ISO 

0.000 

0.  362 

0.097 

1 . 757 

1985 

0.  212 

0.  166 

0.000 

0.  378 

0.088 

t .845 

1986 

0.  442 

0.  194 

0.000 

0.  635 

0.  131 

1.976 

1987 

0.  227 

0.21  1 

0.  000 

0.  438 

0.077 

2.053 

1988 

0.  233 

0.229 

0.000 

0.  462 

0.  070 

2.  123 

1989 

0.  485 

0.261 

0.000 

0.  746 

0.  101 

2.223 

1990 

0.  251 

0.  282 

0.000 

0.  532 

0.  06! 

2.28  4 

199  1 

0.  257 

0.  304 

0.000 

0.  561 

0.  056 

2.  340 

1992 

0.  611 

0.  344 

0.000 

0.955 

0.  085 

2.  425 

199  3 

0.  360 

0.  373 

0.000 

0.  733 

0.055 

2.  480 

1994 

0.  367 

0.  403 

0.  000 

0.  770 

0.  0 50 

2.  531 

COST  TOTALS  FOR  THE  2C 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DI SCO UNTEC 

1 N0N- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

4.  211 

6.  003 

1.919 

LESS 

RESID.  VALUE 

4.  21  1 

6.  133 

0.  378 

NET  capital  COSTS 

0.  000 

-0.  180 

1. 541 

COSTS 

FOR  FUEL 

0.  000 

0.  000 

0.000 

OTHEH 

OP.  COSTS 

0.000 

0.  000 

0.  000 

MAINTENANCE  COSTS 

2.  212 

3.  544 

0.  612 

TOTAL 

COSTS 

2.  212 

3.  364 

2.  1 53 

CUMULATIVE  SEHVI CE  DELI  VEHED  = 

13. 

8 3871 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED 

NON- 

DISCOUNTED 

DISCOUNTED  TO  19  7 5 

CAPITAL  EQUIP. 

0.  304 

0.  434 

0.  1 39 

LESS 

RESID.  VALUE 

0.  304 

0.  447 

0.027 

NET  CAPITAL  COSTS 

0.  000 

-0.013 

0.  1 1 i 

COSTS 

FOR  FUEL 

0.  000 

0.  000 

0.000 

OTHEH 

OP.  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

0.  1 60 

0.  256 

0.044 

TOTAL 

COSTS 

0.  1 60 

0.  243 

0.  156 

E-125 
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TABLE  E-51 MIUS  HOT-WATER  SUBSYSTEM  (UNIT  CAPITAL  AND  06M  COSTS) 

(a)  Input  data  array 


^ O 

- 

I 

to  _ . 

•-J 


1 

~2’ 

3 

*I 

5 

6 
7 

a 

9 

to 
t 1 
12 
13 
H 
15 
U 
17 
1C 
19 


1 

2 

single  family 
to*m  house 

91.90 

HU9D 

. OQ 
tOO 

,00 

.00 

ioooo 

.0000 

.00 

.00 

. 197 
. 120 

.0985 
t o6oo 

3 

*t 

garden  Apartment 
elehentrv  school 

.20,00 

952.60 

.00 
• .00 

.00 

.00 

.0000 

.0000 

.00 

.no 

.036 

1.393 

.□IBQ 
. 6 9^,0 

5 

k 

VJLL  HI  rise  apt 
middle  School 

3796.70 

3022.90 

. OQ 
.On 

*00 

.00 

.GOOD 

-0000 

.00 

-no 

1 .763 
1.763 

« 0680 

7 

8 

HIGH  school 
VILL  OFFICE  Bldg 

3022.90 
579. U7 

i OQ 

a OQ 

.00 

.00 

^0000 
_ ioooo 

.00 
■ no 

1.763 

1.393 

,8660 
a ^ ^ 6 □ 

9 
1 0 

recreation  CENTr 
SHOPPING  center 

908.80 

172.28 

.00 

.Od 

.00 
. Qo 

.0000 

Joooa 

.00 

-GO 

1 .393 

-9SQ 

,6960 

7?cn 

1 1 
12 

COLLEGE 
SHOPPING  HALL 

lao.oQ 

579.00 

.00 

,00 

• 00 

.00 

,0000 
. ,0000  . 

. .00 
. .00 

.995 

1.393 

.2975 
1 6*^  6 0 

1 3 
19 

MALL  restaurant 
OFFICE  BUILDIN6_ 

.00 

579,87 

.Do 

.00  

.00 

- .00 . . 

.0000 

Innno 

• DO 
. nn 

1.299 

1-393 

.6500 

15 

18 

LO  RISE  INN 
HI  RISE  INN 

3890.00 

2882.00 

.00 

.00 

.00 

.00 

.0000 
lonoo 

' .00 
-no 

2.600  - 
1 -763 

1— ^ , o ^ o U 

i .8000 

17 

U 

P 

INN  restaurant 

hospital 

_ HI.  RISE  APARTpiNT. 

«0G 
10723.70 
3796.70  ' 

"■  .On 
• Oo 
.On 

• Oo 
,Oo 
.*PCL_ 

.0000 
.0000 
, ioooo 

.00 

.00 

.00 

1.298 

3.S26 

. 1.763  .. 

.6500 

1.7600 
_ .8660 

building.  _ 

electrical 
Rate  s/rwh 

FUEL 

rate  s/hBTU. 

La80R  rate 

S/HAN-YEaR 

single  family 

*0000 

,0000 

IDIOO.O  ' 

TOrfN  house 

.0000 

.0000 

iOlCD.O 

garden  Apartment 

.noon 

.0000 

t 0 1 00.0 

ELEHENTRV  SCHOOL 

• 0000 

.0000 

loioo, □ 

. 

VILL  HI  rise  apt 

• noon 

• DOnO 

IniQO.Q 

. 

. 

H1.D0LE  SCHOOL 

.0000 

.0000 

1 01 00,0 

HIGH  school  

.00  3 

.0000 

Inino^o. 

VILL  OFFICE  Bldg 

• nooo 

.0000 

. 10100,0 

recreation  centr_ 

• noon 

loonn 

- iniQD.o  ' __  ^ 

shopping  center 

.0000 

.ODOO 

loioo.o 

COLLEGE  _ 

.nnoo  

,0000  . 

. . - 10100,0 

shopping  mall 

• nooo 

.0000 

loioo, 0 

• 

HALL  restaurant 

.0000 

*0000 

loino.Q 

. 

OFFICE  Building 

• nooo 

.OOOQ 

10100,0 

LO  RISE  INN  

.0000 

ioOQO 

..10100,0  _ 

HI  RISE  INN 

.nooo 

.0000 

loioo. 0 

INN  restaurant 

.0000  

.dodo 

10100,0 

HOSPITAL 

.0000 

.0000 

lOloO.O 

HI  RISE  APARThNt_ 

.OOOQ 

-oooo 

inino.o 

A/c  capacity 

AyC.POWER_ 

annual  electricity. 

personnel 

_ capital ^hAINTaINEHcE 

BUILOINq 

TONS 

JCH 

HEaT-HBTU  kwh  X .0001 

HEN 

s x,001  s x.Ql 

Ieegedins  page  blank  not  FM: 


TABLE  E-51.-  Continued 
(b)  Input  schedule  array 


l 7J3,00. 

lO^t.OO 

53<»,D0. 

S 321,00 

lafiioG. 

2^3.00 
3 32H;oo. 

4fi6,00 


713,00.. 

531.00 
I217-.0a  .. 

321.00 
_2H3,0O_ 

567.00 
„321,a0. 

213.00 
.,.567  *00  . 


_1  2i7,00_ 

531.00 
_7  l3,0D_ 

567.00 
_2i3,QD. 

321*00 

_567,oC. 

2i3,Q0 

_^32l,00. 


_S31,00_ 

1071*00 

_7l3*o0_ 

213*00 

1fl6,o0_ 

321*00 

„213*o0. 

la*  "OO 

_^32l*00 


.531,00 1071,00  531, oO. 

531,00  531,00  l07t,00 


..631,00 

531,00 


213,00 

..213,00. 


166 

.213,00. 


213,00 
.18*, qO. 


213,00 

Jl3,a0- 


.213,00. 

213,00 


.186,00 . 

213.00 


213,00 

18*  ••QO 


213.00. 

213.00 


*□0 


1*00 


obigmaIj  ?ag^ks  is 

OF  POOE  QUAlOT  E-1 29 


O 


a 


TABLE  E— 51.“  Continued 


„-5. 


(c)  Total  annual  capital  expenditures  ($  x "0  ) 


■ 

builoing  Type 

t FAK 

i 

2 

3 

*1 

6 

6 

7 

6 

9 

t 

SINGLE  FlHILf 

I 

jiqN* 

2, <1666 

J.05J0  .1 

.0620 

-2.1099 

_ 1,0520 

...„I  ,0520 

2.1099 

1,0520 

2 

TONN  house 

• 3008 

3BS0 

• 6So<i 

.29  J6 

,2916 

^5032 

,2916 

.2916 

.5032 

.2916 

3 

GARDEN  APARTHEN7 

* 1 1 66  . t 1 

• 20hI 

.0075 

.0076 

. ...1760 

. . .0075 

.0075 

.1750 

.0675  . 

H 

ELEHENTRY  school 

• □l3S 

0139 

.0279 

.OQDO 

,0|39 

10279 

.0000 

,0139 

,0279 

,0000 

S 

vill  hi  rise  *pt 

• 0353 

Q3B3 

■ 0363 

.0363 

.0353, 

10363 

.0353 

,0353 

.0353. 

.0353. 

A ■ 

middle  sehool 

• OnOQ 

nl76 

• DOOO 

.0176 

.0000 

10176 

.0000 

tocno 

,0176 

..OOOO 

7 

■ onoQ 

cioao 

.0  1 76 

«oonD 

.0176 

.0000 

.0176 

..  .0000 

.0000 

..0176  . 

fl 

VlLL  OFFICE  BLOG 

• onoo 

□ 139 

.0139 

.0000 

.0139 

10139 

.OOOO 

.0139 

,0139 

.□□□0 

9 

0 1 39 

• F;  n n 0 

,0139  * ‘ 

(OQOQ 

^OE  39 

-i DDOa 

,DOPO 

,ai39 

,0000  

10 

SHOPPING  CEHTER 

*DqDQ 

OQQO 

~ .0095 

.0000. 

,0095 

loooo 

,□□95 

.onoo 

.0000 

.0096 

1 I 

ror  t FRp 

• nnon 

nnon 

■ nnno 

. D0‘t9 

'.OOOO 

. lOODO 

...  .0000 

.gaoo 

.ODDO 

* >z 

shopping  k*LL 

• onoo 

DODO 

• OOoO 

.OOOO 

,0139 

ioono 

.OOOD 

.CD"C 

.0000 

.0139 

1 3 

4 nnQn 

nnnn 

• nono 

.nnnn 

^0  I3n 

' ODQO 

- tDQDC 

.u^CC. 

,0000 

-.0130 

H 

office  BUILOJHO 

• onuo 

,0139 

.□OOQ 

.0139 

.□□□D 

’0I39 

.OOOC 

,C139 

.0000 

.0139 

IS 

LO  rise  |KP4 

• QnOn 

G2A0 

• OOOO 

..OOOO 

,0000 

loooo 

.0000 

.OOOO 

.0000 

,0000  — 

1& 

Hi  RISE  INK 

• OoOQ 

0000 

.DI7A 

.0000 

.OgOO 

lOOOQ 

,□176 

.OCDO 

,□176 

.0000 

17 

IKK  restaurant 

• onoo 

0 130 

• oqdO 

.OODD 

•Odod. 

-OODQ 

.0000 

,0000 

.0000 

,0000 — 

“ la 

HOSPITAL 

• OOOD 

□ 000 

.0000 

.OOOO 

.OaoQ 

10176 

.0000 

.0000 

• OOOO 

.0000 

19 

Hi  RISE  APARTHNT 

• cnOo 

»000D 

• □□oo 

.OOOQ  ■ , , 

.0176 

,0000 

.0000 

....  .0000 

,0176 

,0000  _ 

TOTAL 

1.9692  2 

,□676 

3,9579 

i.SiA8 

1,5609 

3l0082 

t.SQ6I 

1 .50S| 

3,0119 

1.5293 

BUILDING  Type- 

1 9 

1 ^ 

t ** 

|5  . 

1 6 

17 

IB 

19 

; 20 

ToTAL  — 

i 

single  family 

1.0620 

2.1099 

1.0520 

1.0520 

2,t099  1 

0520 

1,0620 

2.9566  1 

,9096 

I.90H6 

29.*|9o9 

2 

TOVfK  house 

«2*’16 

.5032 

.29j6 

.29(6  . 

.5032 

29|6 

.2916 

. _ ,68Gy 

.3888 

,38BB 

— 8, i6mB 

3 

garden  ArArTHEHT 

,0075 

.1760 

,QB75 

,0076 

.1750 

0876 

,0B76 

,2091 

.1166 

, 1 166 

2.9999 

R 

ELFHEKTRt  school 

• 0139 

.n?79 

■ nono 

.0139 

.0279  . . 

OOQO 

.0139 

. -.  ,0279 

.0139 

.0139 

.2925  _ 

6 

ViLL  Ml  rise  apt 

■ 0353 

ltl353 

• 0353 

,0363 

.0353 

0353 

.0353 

,0705 

,0353 

.0353 

,79oS 

6 

mIDOLE  school 

• OOOO 

.0176 

.0000 

■ OODD 

.0176 

OOOO 

„.  ,0000 

.0176 

.0000 

.0000 

,|239 

7 

HIGH  SCHOOL 

• OODO 

• OOQO 

• 0176 

.0000 

.0000 

0176 

• OUOG 

.ODOD 

.0176 

.0000 

.1239 

B 

VlLL  ?Fr;C£BLDG 

.onOG 

.0139 

.0139 

.□ODO 

.0139 

0139 

♦ 0139 

,□139  

,0139 

.0139 

.1950 

9 

flECBEATloH  CEHTR 

• OOOG 

.0139 

.ODOD 

,0000 

.0139 

OOOO 

.OOOC 

.0139 

.0000 

.0000 

.□975 

1 0 

sHoppirfG  Center 

• onOo 

mdQDQ 

■ ,0095 

.0000 

.Oooo 

U045 

«OCEOO 

♦oonc  

,0095 

.0000 

.0315 

11 

COLLEGE 

.0099 

• ODDD 

,0000 

.0000 

.□□on 

OGOO 

.0000 

.0000 

.0000 

.-oooo 

,0099 

1 2 

SHOPPIRFG  hall 

• 0000 

.naoo 

• OOoO 

.0000 

.0139 

□ 000 

.Qonc 

• naoo 

..OOOO 

.0000 

.0918 

13 

hall  restaurant 

• onoo 

.□ODD 

• OOOO 

.oooo 

.0130 

□ □□□ 

.oooc 

,O00O 

,□□00 

,0000 

.0390 

19 

office  BuIlDIKG 

• onoo 

.0139 

.□000 

,0139 

. ,0000  

0139 

... .OOOC 

. . .0000  

..OOOO 

.0000 

.11  19 

15 

LO  RISE  JHN 

• onoo 

.ODOD 

,OODO 

.Oooo 

• OODO 

□ 000 

.0000 

• ODOC 

.0000 

.0000 

.0^60 

16 

k1  rise  ihn 

• onoo 

.0000 

• OODO 

.0000 

.0000  

OOOO 

.0000 

..  .coco 

..□ODD 

.0000 

,q529  . 

17 

INK  restaurant 

.0000 

.□000 

• OOOO 

.0000 

.0000  ; 

DOOO 

• OOOC 

,0000 

.0000 

.0000 

• Dl30 

t« 

HOSPITAL 

• 0000 

.□□00 

.0000 

.0000 

,0176. 

□ 000. 

tOOOC 

,0000 

• OODO 

,0000 

.0363 

19 

Hi  RISE  APARTKHT 

.0000 

.0176 

.00  Dp 

.0000 

.OOOQ  ; 

OOOO 

.0172 

.0000 

■ OOOO 

.0000 

*070S 

TOTAL 

1 .9052 

liooejL 

U5023. 

1^59 jJ2_ 

3.0212 tl 

5.163. 

1.51 1 e. 

. --.3,9050.  . _1 

-.9S5i 

■ — 1..9J32. 

92*1087-. 

TABLE  E-51 


Continued 


(d) 


Total  annual  maintenance  costs 


($  X 10”^) 


BUI  LO  IMG  type 

1 

2 

3 

5 

6 

7 

8 

9 

lo 

1 

SImglE  F*HItT 

• 0702 

• IROS 

. .2*33 

.i|S9.,  _ 

,36BS 

19790 

.5266 

,&7’2 

,6897 

,737-, 

3 

TOWN  house 

• Ol’R 

.0389 

,□729 

.0B75 

.1021 

.1312 

.1958 

,1*09 

.109S 

.2091 

3 

GARDEtt  APAaThEHT 

• onsa 

.0117 

.0219 

,0262  

,0306 

.0399 

...  .0937 

.09fi| 

,05*9 

.0*12  . 

elfmehtry  school 

ton07 

,non 

.002S 

,0Q2B 

.0035 

l00H9 

.0099 

,0056 

.0070 

,0070 

S 

VlLL  HI  RISE  APT 

• oni7 

.0035 

.0052 

.0069 

,DoB7 

. ;01D9 

,0122 

.0139 

.ril56 

,0179 

6 

hIodl-e  School 

• 0000 

t0009 

■ 0009 

.0017 

.0017 

;0026 

.0026 

.0026 

.0035 

.0035 

7 

HIGH  SCHOOL 

• 0000 

• oono 

.0009 

.0009 

.0017 

;ooi7 

.0026 

,0026 

.002* 

.0035 

ViLL  office  0LOG 

• 0000 

>0007 

>0019 

.OOIH 

.0021 

;oo2a 

.0028 

,0Q3S 

.0092 

.0092 

9 

RECREATIOH  CENTr 

• onoo 

.0007 

• DOO? 

.oaiH 

.0019 

'0Q21 

-.0028 

«0Q26 

10 

SHOPPING  Center 

• onoo 

• nooo 

.0002 

.0002 

,0009 

,0009 

.0007 

,0007 

.0007 

«D009 

u 

COLLEGE 

• Dnoo 

tOHDO 

. fOOOO 

.0no2 

.0002 

. '.aaaz 

_ .0002 

..  *0002 

• 0002 

>0007 

1? 

SHOPPING  hall' 

• onoo 

• nODQ 

>0000 

.0000 

,0007 

l0Q07 

.0007 

,0007 

,0007 

,0019 

13 

hAlL  RESTAURANT. 

•onoo  . . 

■ DODO 

>0000 

.GOOD 

.OqU6 

, 0006 

,000* 

.000-6 

.nn06 

>0013  . 

1*1 

OFFICE  BUILDI'^G 

• onoo 

• 0007 

.0007 

.OOIH 

.0019 

;oo2i 

.0021 

.0026 

.0028 

>0035 

15 

lQ  rise  ihr 

• QOOO 

• Q0I3 

.iODtJ 

.0013  . 

,00l3 

iOQ13 

.0013 

,0013 

.0013 

. *0013  - 

1& 

HI  RISE  inn 

• onoo 

.GOOD 

>0009 

,0009 

.□009 

^0009 

>0017 

,0017 

,002* 

,002* 

17 

inn  restaurant 

..  . *0000  

.■Q0D6 

• 000* 

..Ooo* 

.0006 

looo& 

,000* 

• OQO& 

• OQO* 

»0D04  .... 

10 

hospital 

• Ooao 

.0000 

>0000 

.0000 

.0000 

100il9 

.0009 

.0009 

.0009 

.0009 

19 

Hi  RISE  APARTHHT- 

• nnon 

^nnnn 

,OODO 

0Q09 

.OflO* 

total 

• 0979 

i2003 

.373* 

,lR9<i 

iS2?9 

>776 

• 7530 

^6289 

^9769 

1^05S3 

building  type 

Tear 
1 1 

1 ^ 

1 > 

1** 

I 

SINGLE  FAHILT 

.7099 

.8959 

,9980 

1,000* 

1. 

2 

TOWN  KOusE 

.2|87 

.2979 

,2*29 

,2770 

3 

garden  APArThENT 

• G&S6 

,0799 

,07a7 

.0831 

h 

ELEHEhTRY  school 

• on7? 

.0090 

.□090 

,0097 

S 

ViLL  Ml  rise  apt 

• 0|91 

,0208 

,022* 

.0293 

* 

nIOOLE  school 

• 0035 

,0093 

.0093 

>0093 

r 

HlGH  SCHOOL 

.0035 

.0035 

.0093 

, 0093 

8 

ViLL  OFFtCE  BLOG 

• 0092 

.0099 

.005* 

.0056 

9 

recreation  CENTfi 

• 0020 

.0035 

.0035 

.0035 

in 

SHOPPING  center 

• on09 

.0009 

.001  1 

>001  1 

iT 

COLUEGC 

• 0005 

.0005 

>000* 

.0005 

j? 

SHOPPING  HALL 

.0019 

.0019 

.0019 

.0019 

13 

hall  restaurant 

• 0013 

t00l3 

.0013 

.0013 

19 

OFFICE  BUILDING 

• on3S 

.0092 

.□099 

is 

LT>  RISE  |HN  tL 

• oni3 

.0013 

• 00l3 

.0013 

1* 

Hi  RISE  INN. 

• 0n2& 

.002* 

.002* 

.002* 

17 

INN  RESTAURANT 

• on06 

.0006 

.000* 

.000* 

18 

hospital 

.0009 

f 0009 

.0009 

.0009 

19 

Hi  Rise  APARTHNT 

•am? 

.002* 

>0Q2*> 

.002* 

rOTAL_ 

It  12’* 

Xi.2799 

1 .JS50_ 

1. 

15 

— 1* 

17 

le 

— , 19 

20 

T[iTaL  “ 

l06| 

1.1507 

1.2113 

1.3391 

1 .9093 

1,9795 

15.9027 

3o62 

>206 

.3353 

.3*99. 

,3808 

.9002 

— 9.2065  - 

1.20*0 

0919 

.0962 

tlDO* 

.lice 

,116* 

,1225 

Ol  11 

lot  1 1 

.□I  18 

.0132 

.nl39 

.0196 

.l5l7 

02*0 

.0276 

.0295 

.0330 

.0397 

f Q 3 65 

• 3*98 

Oo52 

>052 

,0052 

.0061 

,00*1 

,0061 

t0703 

0093 

.0052 

.0052 

.0052 

>no*i 

,0061 

.0*92 

00*3 

.,0070 

,0077 

,0089 

.0090 

,0097 

• O’lE 

009  2 

>092 

.0092 

.0099 

.009’ 

• 05*9 

Ool  1 

,0013 

.0013 

.0013 

.001* 

.0016 

> n 1 6 6 ... 

0005 

'0005 

.0005 

,0005 

.□DOS 

.0005 

9 006? 

0021 

.0021 

.0021 

.0021 

.0021 

.0021 

.0230  .. 

0019 

,0019 

.0019 

.0019 

.0019 

.0019 

.0219 

0099 

,0056 

.DOS* 

.0056 

a 005* 

,DD&6 

• 0*60 

□ 0I3 

.0013 

.0013 

.0013 

.0013 

.0013 

.029? 

002* 

'0026 

.002* 

.002* 

>n02A 

.0026 

.q362 

Ooo* 

>006 

.000* 

.000* 

.000* 

.000* 

.QIZ3 

0018 

>018 

.0018 

.0018 

,0010 

.0018 

.QlBS 

002* 

.002* 

,0035 

.0035 

.0035 

.0035 

.035* 

S6QZ 

t;*S*5 

1.7320_ 

1.90*2. 

2.0Q59 

— .231122? 

0 


4 


a 


o| 

tia 


w 

I 


(e) 


TABLE  E- 5 1 . - ' Concluded 

-5 

Delivered  water  (1000  gal  x 10  ) 


builoimg  Type 

TEAH  ^ 
1 

2 

3 

H 

5 

6 

7 

e 

9 

Id 

5lNf,LE  FIHILY 

.2987 

,S97S 

i • I2oD 

1,3937 

2,0162 

2.2900 

2,9637 

- 2,9125 

3,1262 

2 

TOtri  house 

.1353 

.2715 

■ .5091' 

,Al09 

.7  127 

.9169 

1.0182 

1.1200 

1,3236 

1.8259 

3 

GAADEH  apartment 

• QG'IB 

il294 

.2930 

.2916 

.3902 

,9379' 

,‘)B60 

,5396 

.6318 

.6809  

H 

ELEHEtiTBY  SCHOOL 

.0095 

.009  1 

• Otal 

*oiat 

.0226 

;03l7 

.□3|7 

.0362 

,0953 

.0953 

s 

ViLL  HI  BISE  apt 

.0799 

,1199 

.2298 

,2997 

,37H7 

19996 

.5295 

,5995 

,6799 

.7993  

A 

hIOOlC  school 

• OflOO 

.0302 

.0302 

.0605 

.□60S 

l0907 

.0907 

,0907 

.1209 

.»Z09 

7 

HlftH  <;rHnOi 

* 0 n 0 0 

loOOD 

. D3d2 

.Q3n2 

l0605 

,09o7 

,0907 . 

,0907. 

,I2Q9. 

A 

VlLL  OFnCE  aCDG 

’.onoo’ 

.0QS7 

.0115“ 

.0115 

.0172 

10230 

.0230 

,0287 

.fj395 

.0395 

9 

RECREATION  CENTR 

• onoa 

.0091 

.0091 

.0002 

.0032 

.0123 

.0123 

...  ,0123 

.0169 

.0169  

in 

SHOPPING  CENTER 

.0000 

.0000 

.0017 

.0017 

.0039 

10039 

,0052 

.0052 

,0Q52 

,0069 

1 1 

COLLEGE 

>aoQo 

.noon 

.nooo 

.0015 

.OolS 

.0015 

.0015 

,0015 

.0018 

.0015  . 

12 

shopping  hall 

.0000 

.□□DO 

.0000 

.0000 

.0057 

10057 

.0057 

,0067 

,0057 

.0115 

t 1 

• nODD 

• Onno 

IQOOO 

• OOOQ 

• OOOD 

,0000 

.0000  — — — 

OFFICE  eUlLOlMO 

tonOD 

.0057 

.0057 

.0115 

.0115 

^0172 

.0172 

,0230 

.0230 

,0257 

15 

to  RISE  t Nn 

.o3n9 

• 03Q9 

« D3B9. 

^ n^ft9 

,0309 

.0359 

.0389 

,03b?  — “ 

16 

Hi  RISE  |NN 

• onOQ 

.0000 

.023B 

,0258 

.0208 

.0576 

.□576 

• 0865 

,0865 

17 

|nn  restaurant 

■ 0000 

.0000 

>0000 

,0000 

,OqOq 

.OUGO 

,BG0Q 

,QUQO 

,Q000 

,0000  

la 

HOSPITAL 

.0000 

.0000 

• 0000 

,0000 

.0000 

10536 

.0536 

,0536 

,0536 

.0536 

19 

Hi  RISE  APARTMMT 

■ OROO 

.0000 

.0000' 

; ,0000 

,0375 

.0375 

,0375 

,037s. 

-.0799 

,D799  . 

TOTAL 

.5780 

i;?R22 

2.2662 

2.7572 

3.2917 

912297 

9,7396 

5,l99J 

6,1 396 

6,6322 



_ 

»E1R 


BUROIMG  type 

1 ] 

|2 

13  . 

19 

15 

16  17 

IB  . 

19  . 

20 

ThTaL 

1 

single  eahilt 

3i3600 

3,5087 

8,0325 

9.2562 

9.7q5d 

9;’287  5,1529 

5,6799 

S.9737 

6.2729 

65*56oB 

2 

town  house 

lt57T3 

1^7309 

1,5327 

1,9395 

2.1302 

212900  2,39|8 

__  2,5799 

2.7|5l 

2.85o9 

. 29,9392  .... 

3 

garden  aparthEHt 

• 7?9o 

.8262 

,6798 

,9239 

1 .0206 

1.0692  1.1175 

1,2312 

1,2960 

l.3*08 

19,2689 

4 

elementry  school 

,0990 

loBBa 

• osbb 

.0639 

,0729 

10729  ,0769 

.0860 

,d905 

*09so 

..  . ,9Bi7 

5 

ViLL  HI  RISE  apt 

,5293 

,8992 

,9791 

I .0991 

1,1290 

1.1959  1.2739 

1,9237 

1,9987 

1*5736 

18.96Q9 

6 

MIOPLC  SCHOOL 

« 1 709 

.1 161  1 

.1511 

.1511 

jiaiN 

Itai9  ,1819 

,2116 

.21 |6 

.2116 

_ 2,9905  .. 

7 

HlQH  SCHOOL 

• 1709 

. 1709 

.1511 

.1511 

.1511 

.1819  ,1019 

,1819 

.2116 

.2116 

2, 2369 

a 

ViLL  office  slog 

,0395 

,0902 

,0960 

.0960 

.0517 

;057S  ,0632 

,0690 

i0797 

*08oS 

..  . .7531 

9 

ntCHEATloN  CENTr' 

• 0169 

.0209 

.0209 

,0209 

.0295 

.0295  ,0295 

,0256 

,0286 

.0256 

*33|  1 

1 0 

SHOPPING  Center 

• On69 

,0069 

.0056 

.0056 

.0QB6 

:0I03  .0103 

.0103 

.0121 

.0121 

.|27S  

“ 11 

college 

• 0036 

.0036 

,0036 

.0036 

.0036 

.0036  ,0036 

.0036 

.0036 

.0036 

.0956 

12 

shopping  hall 

• 0115 

,01  15 

.01  l5 

,0115 

,0172 

;0172 ,0172 

. _ ,0172 

.0172 

.0172 

..  .1899  .. 

■ 13 

hall  restaurant 

• OODO 

.0000 

.GOOD 

,0000 

.OOOD 

.0000  ,0000 

,0000 

,0000 

.0000 

• oooo 

19 

office  BUIlOINC 

• 0787 

,0395 

• 0395 

.0902 

.0902 

0960  ,0960 

.0960 

.0960 

.0960 

.5519 

15 

LO  RISE  inn 

,0389 

.0389 

f 0309 

.0359 

.0389 

.0359  .0359 

,0389 

.0389 

.0359 

.7391 

1 & 

hI  RISE  INh 

»0A6B 

,0565 

,0565 

10865  .0865 

.□865 

.0865 

.0865 

1.2681  

' 17 

INN  restaurant 

• OODO 

.□□00 

,0000 

,□000 

.0000 

;0000  .0000 

.0000 

.0000 

.0000 

*0000 

|B 

hospital 

,0536 

.0536 

• 0536 

.0536 

_ ,1072 

.1072  ,1072 

.1072 

*1072 

.1072 

_ l»lZ60  . 

19 

Hi  RISE  APARTHNT 

• 0799 

,1129 

. H 29, 

.1129 

.1129 

.1129  .1999 

,1999 

.1999 

.1999 

1.5361 

TOTAL 

7,0876 

8.0099 

a.99|2 

8.1506. 

9,6836 

10;8761 10,8730. 

ll.9-95a_ 

12*6617. 

ia.i9«<i. 

-.138.3371 

132 


TABLE  E-52.-  BIDS  HOT-HATER  SOBSYSTEH 


(a)  Component  capital  and  maintenance  costs 


Building  type 

Sizing 

flow, 

gal/hr 

(1) 

Recovery 

rate, 

gal/hr 

Capital 
cost, 
1973  $ 

Haintenance 
cost, 
1973  $ 
(2) 

Annual 

flow, 

gal 

Comments 

Garden  apartment 

5 

8 

36 

1,90 

20x103 

Heat  exchanger  in  tank 

Townhouse 

10 

30 

120 

6.00 

42 

Heat  exchanger  in 

Single  faaily 

10 

30 

197 

9.85 

42 

Electric  tank  type 

Village  shopping  center 

33 

45 

450 

22,50 

172 

Heat  exchanger  In  tank, 
1-in.  supply 

College 

I2h 

120 

495 

24.75 

180 

Heat  exchanger  in  tank, 
1-1/2 -in.  supply 

Recreation  canter 

13h 

500 

1393 

69.60 

409 

Components  (size  2] 

Office  building 

235 

500 

1393 

69.60 

575 

Components  (size  1) 

(village  and  town  center) 

Elementary  school 

247 

500 

1393 

69.60 

452 

Components  (size  2} 

Shopping  mall  (3  phases. 

332 

500 

1393 

69.60 

574 

Components  (size  2) 

each  phase) 

Three  mail  restaurants,  each 

115 

167 

1299 

65.00 

102 

Components  (size  1)  , 3 sets 

High-rise  apartment 

961 

1500 

1763 

86.80 

3 

747 

Components  (size  3) 

(village  and  town  center) 

LoH-rlse  inn 

946 

1500 

2600 

130.00 

2 

882 

Components  (size  4) , big 
pump  and  two  tanks 

aiddle/high  school 

1434 

2000 

1763 

86.00 

3 

023 

Components  (size  3) 

High-rise  inn 

1277 

2000 

1763 

86.80 

3 

890 

Components  (size  3) 

Inn  restaurant 

694 

1000 

1298 

65.00 

2 

555 

Components  (size  1) 

Hospital 

2265 

4000 

3526 

176.00 

10 

724 

Components  (size  3) , 2 sets 

•During  an  average  day,  this  is  the  mariann  hot-water  requirement  during  a 1-hour  period. 

^Repair,  aaintenance,  and  replacerfent  cost;  ref.  B-m  provides  between  3 and  B percent,  depending  on  the 
equipment.  In  the  interest  of  time,  5 percent  was  used  for  all  equipment  in  this  study. 
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TABLE  E-53,“  MIUS  OPTION  I WASTEWATER  SUBSYSTEM  COSTS 

(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL  COST  IS  102.00  CENTS  PER  MBTU*  WITH  ESCALATION  RATIO  0.050 
THIS  HUN  f^ADE  11/30/73 


0.  F.  ANALYSIS  FOR 

MIUS  HASTE  WATER  SYSTEM  - OPTION  1 U 1/30/73) 

COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6> 


INVESTMENT 

MAINTEI^IANCE 

OPERATIONS 

TOTAL 

PRESENT  CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V.  CO  ST 

1975 

6.  372 

0.066 

0.001 

6.  439 

6.  430 

6.  430 

1976 

1.6S2 

0.272 

0.006 

1.931 

1.647 

8.078 

19  77 

7.  028 

0..629 

0.  014 

7.  671 

5.  737 

13.815 

19  78 

0.250 

0.9  39 

0.022 

1.21 1 

0.714 

14.528 

19  79 

0.258 

1.  192 

0.028 

1.  478 

0.754 

1 5.282 

1980 

7.  51  1 

I.  445 

0.035 

8.991 

4.  374 

19.656 

1981 

0.  274 

1.737 

0.043 

2.  053 

0.  787 

20. 444 

1982 

0.282 

2.033 

0.051 

2.  366 

0.  787 

21.231 

1983 

8.  207 

2.  425 

0.062 

10.  694 

3.  390 

24.621 

198  4 

0.  299 

2.8  40 

0.074 

3,213 

0.805 

25.426 

1985 

0.  308 

3.  146 

0.083 

3.  537 

0.  770 

26.  196 

1986 

8.968 

3.  515 

0.09  5 

12. 578 

2.  602 

28. 799 

198  7 

0.327 

4.082 

0.  112 

4.  521 

0.  743 

29.  541 

19  88 

0.  337 

4.317 

0.  121 

4.  774 

0--682 

30. 223 

1989 

9-800 

4.793 

0.  137 

14.730 

1.991 

32.214 

1990 

0.  357 

5.  243 

0.  152 

5.  753 

0.  621 

32.834 

1991 

0.  368 

5.  734 

0.  170 

6.272 

0.  588 

33. 422 

1992 

10-835 

6.087 

0.  184 

17.  105 

1.514 

34.936 

1993 

0.  520 

6-976 

0.  21  5 

7.  71 1 

0.  547 

35.483 

1994 

0.  536 

7.  473 

0.  235 

8.  243 

0.  509 

35,992 

COST  TOTALS  FOR  THE  20  YEAR  PERIOD  FROM  1975  T0  199A 


1973  PRICES 
NON- DISCO UN TED 


capital  equip. 

47.  103' 

LESS  RESID-  VALUE 

31.29  4 

NET  CAPITAL  COSTS 

15. 811 

COSTS  FOR  FUEL 

0.831 

OTHER  OP.  COSTS 

O.OOC 

MAINTENANCE  COSTS 

40. 375 

TOTAL  COSTS 

57.017 

CUMULATIVE  SERVICE  DELIVERED  = 

AVERAGE  UNIT 

COSTS  FOR  THE 

1973  PRICES 

NON-DISCO UN TED 

CAPITAL  EQUIP. 

0.965 

LESS  RESID.  VALUE 

0.  641 

NET  CAPITAL  COSTS 

0.  324 

COSTS  for  fuel 

0.017 

OTHER  OP.  COSTS 

0.  000 

MAINTENANCE  COSTS 

0.828 

total  costs 

1.  169 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED 

DISCOUNTED  TO  1975 

64. 488 

24.835 

46.  088 

2.81  6 

18, 399 

22.019 

1.838 

0.  289 

0.  000 

0.  000 

64.9  44 

1 0 . 8 68 

85.  182 
48. 79100 

33.176 

YEAR  PERIOD  FROM 

1975  TO  1994 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED 

DISCOUNTED  TO  1975 

1. 322 

0.509 

0.945 

Q.OBS 

0.  377 

0.  451 

0.  038 

0.006 

0.  000 

0.000 

t.  331 

0.223 

1.746 

0.680 

E-134 


TABLE  E-53,-  Concluded 


(b)  Escalation  ratio  of  1 5 percent 

FUEL  C0ST  IS  102.0©  CENTS.  PER  MBTU,  WITH  ESCALATION  RATIO  0. 
THIS  RUN  made  11/30/73* 


130 


D.  C.  F.  ANALYSIS  FOR 

MI US  WASTE  WATER  SYSTEM  - OPTION  I 


Cll/3a/73) 


COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 


INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL 


PRESENT  CUMULATIVE 


YEAR 

COST 

COST  1 

COST 

CO  ST 

VALUE 

P.  V.  COST 

1975 

6.372 

0.066 

0.002 

6.  440 

6.  431 

’ 6.  431 

19  76 

1.652 

0.  272 

0.009 

1.933 

1. 649 

8.  080 

1977 

7.028 

0.  629 

0.  022 

7.  680 

5.743 

1 3v'B23 

19  78 

0.250 

0.939 

0.037 

1 . 226 

'■  0.72  3 

14,545 

19  79 

0.258 

1 . 192 

0.053 

1.  503 

0.  766 

1 5.312 

1950 

7.  51 1 

1. 445 

0.072 

9.028 

4,  390 

19,702 

1981 

0.274 

1. 737 

0.096 

2.  107 

0.807 

20.  509 

198^ 

0.282 

2.  033 

0.  126 

2.  441 

0.812 

21.321 

1983 

8.207 

2.  425 

0.  168 

10.800 

3.  420 

24. 741 

1954 

0.299 

2.840 

0.220 

3.  359 

0.841 

25.  582 

1955 

0.  308 

3.  146 

0.271 

3.  725 

0.811 

26.393 

1986 

8.968 

3.  515 

0.338 

12.822 

2,  648 

29.041 

195  7 

0.327 

4.  082 

0.  439 

4.848 

0.  796 

29.8  3 7 

1988 

0.337 

4.  317 

0.  518 

5.  171 

0.  738 

30.575 

1989 

9.800 

4.79  3 

0.  641 

I 5.  234 

S.053 

32. 628 

1990 

0.357 

5.243 

0.  784 

6.  38  4 

0,  688 

33.316 

1991 

0.368 

5.  734 

0.957 

7.059 

0.  661 

33.977 

1992 

10.835 

6.087 

1.  134 

18. 055 

1. 590 

35.  567 

1993 

0.  520 

6.  976 

1.451 

S.94B 

0.  634 

36.201 

199  4 

0.  536 

7.  473 

1.  736 

9.  744 

0.  600 

36.801 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO  UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

47. 105 

64, 488 

24.835 

LESS  : 

RESID.  VALUE 

3 1 , 29  4 

46. 088 

2.816 

NET  CAPITAL  COSTS 

15.  811 

18.  399 

22.019 

COSTS 

FOR  FUEL 

0.831 

9.075 

1. 098 

OTHER 

OP,  COSTS 

0.  000 

0.  000 

0.000 

MAINTENANCE  COSTS 

40. 375 

64.944 

10.8  68 

TOTAL 

COSTS 

57.017 

92.  419 

33.985 

CUMULATIVE  SERVICE  DELIVERED  = 

48. 

79  100 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  from 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DI SCO  UNTED  NON- 

DI  SCO  UN TED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

0.  965 

1.  322 

0.  509 

LESS  1 

RESID.  VALUE 

0.  641 

0.  945 

0.058 

NET  CAPITAL  COSTS 

0.  324 

0.  377 

0.  451 

COSTS 

FOR  FUEL 

0.  017 

0.  186 

0.023 

OTHER 

OP.  COSTS 

0.  000 

0.  000 

0.  000 

MAINTENANCE  COSTS 

0.8  28 

1. 331 

0.223 

TOTAL 

COSTS 

1.  1 69 

1,894 

0.  69  7 
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TABLE  B-54.-  MIUS  OPTIOfl  I HASTEHATBB  SOBSYSTBB 


1 


(IBPDTS  TO  DCF  PBOGBAH) 


Year 

Capital, 
1973  S 

Useful 
life , 

Fuel, 

Btu 

O) 

0&«, 
1973  $ 
(2) 

Service 
del  iverecl, 
gal 

1975 

4.  756x106 

30 

1. 218x10* 

0.0604x106 

0.073x10* 

1.250 

75 

1976 

1.  189 

30 

4.874 

.242 

.292 

.323 

75 

1977 

4,  756 

30 

10.944 

.543 

.656 

1 . 480 

75 

1978 

.216 

75 

15.856 

.786 

.950 

1979 

.216 

75 

19.527 

.969 

1.17 

1900 

4.  756 

30 

23.032 

1.141 

1.38 

1.351 

75 

1981 

. 216 

75 

26.870 

1.331 

1.61 

1902 

.216 

75 

30. 543 

1.513 

1.83 

1903 

4.  756 

30 

35.383 

1.752 

2.  12 

1 . 351 

75 

1984 

. 216 

75 

40.223 

1.992 

2.41 

1935 

.216 

75 

43.227 

2.142 

2.59 

1986 

4.756 

30 

46.099 

2.324 

2.81 

1.  351 

75 

1987 

. 216 

75 

52.907 

2.62 

3.  17 

1988 

. 216 

75 

54.243 

2.69 

3.25 

1909 

4.  756 

30 

58. 415 

2.90 

3.50 

1.351 

75 

1990 

.216 

75 

62.087 

3.08 

3.72 

1991 

. 216 

75 

65.926 

3.27 

3.95 

1992 

4.756 

30 

67.928 

3.37 

4.07 

1. 423 

75 

1993 

.208 

75 

75.606 

3.75 

4.53 

1994 

. 288 

75 

78.610 

3.90 

4.71 

iPuel  at  16.69  Btu/gaX. 

^Treatment  plant  obh  at  45.3(!/1000  gal;  chemicals  at 
17.6^/1000  gal;  siscellaneoas  at  8.2*J/1000  gal;  collection  systes 
O&H  at  11.3*:/1000  gal. 
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T&SLS  B-5S.-  USDS  0P7I0H  X «ASTS(TA7£B  SDBS7STSU  (AHHOAL  CAPITAL  ODTLAZCl 


Tear 

Description 

Bajor  component 

Total  capital  cost 

capital 

1966 

cost, 

$ 

1966  $ 

1973  $ 

1975 

Village  A first-yr  developaeot: 

Village  center  A sabsalns 

1500  ft  of  B-in.  sever  at  $7/ft 

10 

500 

1850  ft  of  15'in.  sever  at  S10/ft 

IB 

500 

1100  ft  of  18-in.  sever  at  $10. 50/ft 

11 

500 

550  ft  of  2i»-in.  sever  at  $14/ft 
Village  center  A laterals 

7 

700 

1900  ft  of  8-in.  sever  at  $7/ft 
Village  A aanholes,  aains  and  subnains 

13 

300 

94  sanholes  at  $800  each 
Village  center  A aanboles 

75 

200 

15  manholes  at  $400  each 
Lift  stations 

6 

000 

Six,  8-in.  suboains 

90 

000 

Three,  15-in.  suboains 
BIOS  lift  stations 

150 

000 

Four  stations 

Three  neighborhood  suboains 

80 

000 

21  120  ft  of  8-in.  sever  at  $7/ft 

147 

340 

3750  ft  of  10-in.  sever  at  $6. 25/ft 

.3  0 

939 

2100  ft  of  15-in.  sever  at  SIC/ft 
Option  I additive  deltas 

21 

000 

400  ft  of  6-in.  sewer  at  $5,7S/ft 

2 

300 

1200  ft  of  $-in.  sever  at  $7/ft 

3 

400 

7200  ft  of  10-in.  sever  at  $8. 25/ft 

59 

400 

1000  ft  of  12-in.  sever  at  S9/ft 
Option  tl  subtractive  deltas 

9 

000 

2750  ft  of  15-in.  sever  at  $10/ft 

-27 

500 

1100  ft  of  18-in.  sever  at  $10, 50/ft 

-11 

550 

550  ft  of  24-in.  sewer  at  $ 14/ft 

-7 

700 

neighborhood  developnent  (A) : 

One-third  of  laterals,  25  700  ft  of 

179 

900 

8“in.  sewer 

96  nanholes,  one-third  of  total 
Town  center  piping: 

38 

400 

250  ft  of  12-in.  sever  at  $9/ft 

2 

250 

3100  ft  of  15-in.  sewer  at  $10/ft 
Treatnent  plant,  0.450x10»  gal/day: 

31 

000 

0.946x10* 

1.249x10* 

Fonr  plants,  $900  758  ea. 

3 603 

030 

3.603 

4.756 

1976 

Village  A; 

One-third  of  neighborhood  developnent 
Town  center  piping: 

218 

300 

2500  ft  of  18-in.  sever  at  $1 0.50/ft 
Treatment  plant,  0.450x10*  gal/day: 

26 

250 

. 244 

.323 

one  plant 

900 

758 

. 901 

1.169 

1977 

Village  A: 

one-third  of  neighborhood  developnent 

218 

300 

Village  B first-yr  developnent 
(sane  as  village  A 1975) 
Heighborhood  developnent  (B) : 

694 

879 

One-fourth  of  laterals,  19  275  ft  of 

134 

925 

B-in.  sewer 

72  nanholes,  one-fourth  of  total 
Town  center  piping: 

38 

800 

4100  ft  of  B-in.  sever  at  S7/ft 

28 

700 

750  ft  of  10-in.  sever  at  $8.25/£t 

6 

188 

800  ft  of  12-in.  sever  at  $9/ft 

7 

200 

700  ft  of  10-in.  sever  at  $10. 50/ft 
Treatnent  plant,  0.450x10*  gal/day: 

7 

350 

1.  127 

1.487 

Four  plants,  $900  758  ea. 

3 603 

030 

3.603 

4.756 

1978 

Village  8: 

One-fourth  of  neighborhood  developnent 

163 

725 

. 164 

.216 

1979 

Village  B: 

One-fourtb  of  neighborhood  developnent 

163 

725 

.164 

.216 
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Table  B-56.-  Concluded 


Tear 

Description 

Ha;)or  conpooent 

Total  capital  cost 

1966 

$ 

1966  $ 

1973  £ 

1980 

Village  B: 

one-fourtb  of  nelglibortiood  developnent 

163 

725 

Village  c first^yr  developaent 

694 

879 

(Ease  ns  village  A 1975) 
Beighborhood  developaent  (C) 

163 

725 

1.022x10* 

1.349x10* 

(saae  as  1977) 

Tceataent  plant,  0.450x10<^  gal/day: 

Pour  plants,  S900  758  ea. 

3 603 

030 

3.603 

4.756 

1981 

Village  C: 

one-foarth  of  neighborhood  developsent 

163 

725 

.164 

.215 

1982 

Village  C: 

Ope-fourth  of  neighborhood  developnent 

163 

725 

. 164 

.216 

1983 

Village  C: 

One-fourth  of  neighborhood  developnent 

163 

725 

Village  D first-yr  developnent 

694 

879 

(sane  as  village  A 1975) 
neighborhood  developnent  (D) 

(sane  as  1977) 

Treatnent  plant,  0.450x10*  gal/day: 

163 

725 

1.022 

1.349 

Fonr  plants,  S900  758  ea. 

3 603 

030 

3.603 

4.  756 

198H 

Village  Di 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1985 

Village  D: 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1986 

Village  D; 

One-fourth  of  neighborhood  developnent 

163 

725 

Village  E first-yr  developnent 

694 

879 

{sane  as  village  A 1975) 
neighborhood  developnent  (E) 

163 

725 

1.022 

1.349 

(sane  as  1977) 

Treatuent  plant,  0.450x10*  gal/day: 

Four  plants,  £900  758  ea. 

3 603 

030 

3.603 

4.756 

1987 

Village  E: 

One-fourth  of  neighborhood  developnent 

163 

725 

. 164 

.216 

1988 

Village  E: 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1989 

village  B: 

One-fourth  of  neighborhood  developnent 
Village  P first-yr  developnent 

163 

725 

(sane  as  village  A 1975) 

694 

879 

Heighborhood  developnent  (F) 

(sane  as  1977) 

Treataent  plant,  0.450x10*  gal/day: 

163 

725 

1.022 

1.349 

Four  plants,  S900  758  ea. 

3 603 

030 

3.603 

4,756 

1990 

Village  P; 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1991 

village  P; 

One-fourth  of  neighborhood  developnent 

163 

725 

. 164 

.216 

1992 

Tillage  F: 

One-fourth  of  neighborhood  developnent 

163 

725 

Tillage  6 first-yr  developnent 

694 

079 

(sane  of  village  A 1975) 
Beighborhood  developnent  (G) 

218 

300 

1.077 

1.422 

(sane  as  1975) 

Treataent  plant,  0.450x10*  gal/day: 

Four  plants,  £900  758  ea. 

3 603 

030 

3.603 

4.756 

1993 

Village  G; 

One-third  of  neighborhood  developnent 

218 

300 

.218 

.288 

1994 

Tillage  G: 

One-third  of  neighborhood  developnent 

210 

300 

,218 

.288 

original  page  K 

OF  POOR  quality 
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TABLE  E-56.-  HIUS  OPTION  I WASTEWATER  SUBSYSTEM  (COMPONENT  CAPITAL  COSTS) 


Item  description 

Quantity 

Unit  cost, 
1966  S 

Total  cost, 
1966  $ 

Sewer: 

8-in. 

723  840  ft 

7.00 

5 C66  880 

10-in. 

77  400  ft 

8.25 

638  550 

12-in. 

8 050  ft 

9.00 

72  450 

6-in. 

2 800  ft 

5.75 

16  100 

15-in. 

11  500  ft 

10.00 

115  000 

18-in, 

3 200  ft 

10.50 

33  600 

Manholes  along  mains 

658 

800.00 

526  400 

Other  manholes 

2 121 

400.00 

848  400 

Lift  stations,  8-in.  mains 

42 

15  000.00 

630  000 

Lift  stations,  15-in.  mains 

21 

50  000.00 

1 050  000 

HIUS  lift  stations 

28 

20  000.00 

560  000 

Total  collection  system  capital,  1966  $ 

9 557  000+ 

Total  collection  system  capital,  1973  $ 

12  615  000+ 

Treatment  plants  (29  ea.  at  $1  189  000)  , 

34  481  000 

1973  $ 

Total  capital  cost,  1973  $ 

47  096  000 

TABLE  E-57.-  MTHS  OPTION  I HVAC  SUBSYSTEM  COSTS 
(DCF  PROGRAM  OUTPUT} 

:~UEL  C0ST  IS  102.00  CENTS  PER  MBTU,  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  MADE  12/  4/73 

D.  C.  F.  ANALYSIS  FOR 

MI  US  HVAC  - 0PTI0N  I - 12/4/73 

C0ST  FLOW  TABLE 
tALL  COSTS  IN  £ X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESEN'1  CUMULATIVf 


YEAR 

COST 

COST 

CO  ST 

COST 

VALUE 

P.  V.  COST 

1975 

5.079 

0.  176 

O.OCiO 

5.  256 

5.233 

5.233 

1976 

4l  48  2 

0.  335 

0.  000 

4.817 

4.  151 

9.  383 

19  7 7 

6.8  17 

0.  638 

0.  000 

7 455 

5.  574 

1 4,9  53 

1978 

1. 59  5 

0.  768 

0.  000 

2.  363 

1-438 

1 6.  445 

19  79 

2.553 

0.9  40 

0.  000 

3m  49  3 

1,927 

18.372 

19B0 

6.841 

1. 252 

0.  000 

8. 09  3 

3.9  42 

22.  315 

19S  1 

1. 734 

1.410 

0.  000 

3.  1 43 

1.279 

23.  594 

1982 

1 . 673 

1.  576 

0.000 

3.  248 

1.144 

24.738 

1933 

11 . 'I  2 1 

1.955 

0.  000 

13.076 

4,  191 

28.929 

19  3 4 

2.  621 

2.  182 

0.000 

4.803 

1 .284 

30.214 

1935 

.1 . 722 

2.  379 

0.000 

4.  101 

0.937 

31.151 

1986 

S.  224 

2.  792 

0.  000 

11.016 

2.289 

33. 440 

1987 

2.  153 

3.  020 

Q.  000 

5.  173 

0.893 

34.330 

19  8 S 

5.  302 

3.274 

0.000 

8.  576 

1.-324 

35.  658 

1939 

10.  1 39 

3.  784 

p.ooo 

13.923 

1.898 

37. 556 

19  9 0 

1.88  1 

4.055 

0.  000 

5.936 

0.  664 

38.220 

199  1 

2.  192 

4.  340 

0.000 

6.  532 

0.  638 

38 . 8 58 

1992 

10. 2^9 

4.925 

0.  000 

IS.  224 

1 . 355 

40.213 

1.9  9 3 

2.  558 

5.  29  6 

0.  000 

7.855 

0.  579 

40. 792 

199  4 

2.  542 

5.  68  2 

0.000 

8.  223 

0.  526 

41.317 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DISC0UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

65.876  ■ 

91. 527 

32. 498 

LESS 

RESID.  VALUE 

65.875 

94.  272 

5.  760 

NET  CAPITAL  COSTS 

0.001 

-2.  745 

26. 738 

COSTS 

FOR  FUEL 

0.  000 

0.  000 

0.  000 

OTHER 

OP.  COSTS 

0.  000 

0.000 

0.  000 

MAINTENANCE  COSTS 

31.7  30 

50.  777 

8,819 

TOTAL 

COSTS 

31.731 

48. 033 

35.557 

CUMULATIVE  SERVICE  DELIVERED  = 

1 . 

58150 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  ‘19 

CAPITAL  EQUIP. 

41. 654 

57.B74 

20. 549 

less 

RESID.  VALUE 

41,  654 

59. 609 

3-  642 

NET  CAPITAL  COSTS 

0.  000 

- 1. 736 

1 6.907 

COSTS 

FOR  FUEL 

0.000 

0.  000 

0.  000 

OTHER 

OP,  COSTS 

0.000 

0.  000 

0.  000 

maintena,nce  costs 

20. 063 

32. 107 

5.  577 

TOTAL 

COSTS 

20.064 

30. 372 

22.  48  3 
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a QUALm 


HVAC  SUBSYSTEM  (INPUTS  TO  THE  DCF  PROGRAM) 


OTHFP  O-AKO-M  . 

FLrCT«ICJTT  TUCUiDIMG  LABOR 

-fi  _ -t’  MAN  years  . li/C  CAPACITY 

tKWH  X 10  I 11Y7T  S X 10  } lO-AMD-Ml  (TONSl 

.GOD  ,J6IS  .00  17711, 

• nno  , ,?97i  . . _ ,00  ...  . i98&*t, 

•pnn  ,5501  .GO  31563, 

. . ..  .non  - . . .6130  .00,  . . 3667Y, 

»pno  ,7611  ,(Ui  3P65/, 

.rif’O  ,9AR3  • ,00  57172, 

• non  l.nef’i  ,oo  516UU, 

,pno  1,1775  ,nu  56566. 

.pno  I, <41  72  .00  75151, 

•pno  1,5301  .no  77056, 

.flPO  1 ,6I9B  ,00  79P11, 

•PPO  ...  . I.fl156  . . ..  ..  .00  Y7B?9, 

,ppn  1.93P3  ,00  V5f'5l, 

.000  2,0102  .00  „ lfl'lt'6, 

•nno  7,7115  .no  liiv2i, 

.,  .nno  7,3119  . - .00 I 16523, 

.pon  7.1711  .no  I1B1H1. 

.flOf)  7.777  1 .00  . ._  . 137A71, 

,,PP0  7.A17C1  .00  131163. 

»Ono 2,1653 . . . . 137102, 


TABLE  E-S9--  KIDS  IITAC  SOBSTSTEB  EQOIPHEHT  LIST 


{a)  Hias  opiions 


Itee  description 

Quan- 

r*  ' 

Capital* 

flaintenance. 

Operation 

1 

Utilization 

t ity 

1973  £ 

1973  I 

Co£it/ 

Total 

. Cr.st/ 

Total 

Operating 

Annual  con- 

unit 

cost 

unit 

cost 

load,  kH 

sumption,  kilh 

Thtpe-ton  heat  puop 

1 

1 543 

154.00 

5,37 

16  760 

Single  family. 

Outdoor  unit 

1.  ICO 

5.0 

comnon  to  all  options  1 

Fan  coil  unit 

410 

,37 

Controls 

30 

Pan  coil  unit 

1 

280 

SaUQ 

•37 

3 240 

Tovn  house,  BIOS  l and  ill 

1 

223 

.24 

2 100 

Garden  apartments. 

Fan  coil  unit  | 

BIDS  I and  II 

1 

Fai^  coil  unit  (6  zones]  . 

1 

6 220 

6 250 

188.00 

181, AO 

10.8 

94  610 

ELenentary  school. 

controls 

1 

30 

3e00 

BIDS  T and  II 

Fac  coll  units 

2 

10  593 

21  186 

962.00 

60 

525  600 

Village  higii-ris© 

Energy  recovery. 

1 

6 31 -J 

apartnents,  KIDS 

41  450  ft’/Bin 

I and  11 

Total 

27  096 

1 

Fan  coil  units 

3 

13  232 

39  696  1 

1 538.00 

78 

683  280 

Town  center  or  village 

Energy  recovery, 
20  4119  ft^/nin 

1 

4 260 

office  buildo-tig* 
Hios  I and  II 

Total 

43  956 

4 3 956 

Fan  coil  units 

1 

10  593 

519 

1 

Becteatiofj  c<3nter* 

Energy  recovery 
28  frs/nin 

Cl  260 

BIOS  I and  II 

Total 

14  S53 

Air  handler 

2 

10  S93 

21  186  1 

635 

Biddle  school  or  high 

with  autooatlc  roll 

school,  BIDS  1 and  II 

Air  handler,; 

2 

13  232 

26  464  1 

871 

village  shopping  center. 

Energy  recovery 

T 

2 650  j 

BIOS  1 and  II 

11  800  ft’/nln 

1 

Total 

29  114  1 

Fan  coil  units 

& 

2 296 

13  776  1 

107.33 

fim  ! 

54 

Oac  j 

College.  BIOS  I and  11 

Air  handling  units 

20 

4 000 

800  000 

27  con 

Shopping  oall. 

uith  filters 

1 

Bius  I and  It 

Air  handling  units 

5 

7 320 

35  200  ' 

1 ."'90 

High-rise  inn. 

vith  filters 

i 

BIUS  I and  II 

Air  handling  units 

3 

6 560 

19  700  1 

1 COO 

Low-rise  inn. 

eith  filters 

BIDS  I and  11 

Air  handling  units 

10 

2 300 

23  000  1 

693 

Hospital, 

with  filters 

niu.7  1 and  II 

Fan  coil  units 

21 

2 355 

49  455  ^ 

111,85 

2 149 

93.  f 

819  one 

Town  center  high-rise 

apartnents,  BIOS 
I and  II 

4 


0 


o 
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T?LBLE  E-59.-  Continued 


*> 


o 


(b]  Hei^tiborhocd  HIUS 


It0D  description 

Quan- 

tity 

Capital, 
1973  S 

Haintenance, 
1973  t 

Cperation 

utilization 

Cost/ 

unit 

Total 

coat 

Cost/ 

unit 

Total 

cost 

0pet;atin9 

load 

Annual  con- 
susption^  tUh 

738-ton  absorption 
chiller 

1 

€6  000 

2380 

160  k.b' 
13  850 
Ib/hr 

Option  I only 

906-ton  coopresston 
chiller 

1 

56  500 

1977 

795  KH 

Cooling  pond  (15C  by  IOC 
by  b ft) 

1 

33  600 

1000 

125-hp  hot-vater  boiler 

2 

12  340 

24  680 

617 

12 -in.  insulated  pipe 

2200 

64.30 

141  U60 

3*in,  gate  valves 

136 

78.  35 

19  655 

266 

Chilled -Hater  puop, 
3000  gal/nin, 

250  ft  head 

£J 

5 455 

21  820 

761 

llot-water  puops 
1670  gal/nin, 
90  ft  head 

3 

13  266 

U6I1 

•1-ina  insulated  pipe 

15bC 

8.14 

12  706 

1-1/it-in.  insulated  pipe 

1000 

4,65 

a 370 

1-1/2-in.  pipe 

2000 

5.02 

10  040 

2-in.  pipe 

2600 

5.77 

15  232 

10-in.  pipe 

28140 

45.46 

129  106 

8-in.  pipe 

2860 

28.17 

so  566 

6-in.  pipe 

1840 

18.36 

33  782 

5-in.  pipe 

2<jao 

15.01 

37  224 

4 -in.  pipe 

1600 

10.8b 

17  376 

3-1/2-in.  pipe 
Total 

200 

9.40 

1 880 

716  263 

7475 

TABLE  2-59.-  Contir.aed 


(c}  Village  center  Hliis 


TIBLE  E-59.-  Concluded 


td)  Town  center  BIDS 


XteD  description 

Quan- 

tity 

Capital, 
1973  t 

ttaintenance, 
I 1973  S 

Opera 

tion 

n Otilizatlon 
: (options  I and  II) 

Cost/ 
1 unit 

Total 

cost 

Cost/ 

unit 

Total 

cost 

Opera  t9.ng 
load 

Annual  con- 
suaption 

24-in.  insulated  pipe 

25  9tt0 

107.00  : 

4 050  700 

Chilled  water 

20-in.  insulated  pipe 

3 aOD 

165.00 

561  000 

chilled  water 

12-in.  insulated  pipe 

18  020 

64.30 

1 158  686 

Hot  water 

B-in.  insulated  pipe 

18  760 

28.17 

520  469 

1 

Hot  water 

1660-ton  absorption 
chiller 

5 

91  000 

455  000 

15  925 

29  kit  ea. 
31  042 
Ib/hr  ea. 

1900-ton  cooprossion 
chiller 

5 

117. 500 

587  500 

20  662 

1ti?i  kW  ea. 

Cooling  ponS 

(ii70  by  225  by  « ft) 

1 

376  000 

11  2un 

absorption  eater  punps, 
12 -in.  suction, 

8-in.  discharge 

5 

4 220 

21  100 

633 

186  kH  ea. 

coopresslon  vater  puops, 
12-in.  suction, 

6- in.  discharge 

5 

4 220 

21  100 

633 

1B6  kU  ea. 

llot-uatei  punp, 
6-in.  suction, 
U-in.  discharge 

3 

1 735 

5 205 

156 

93  kv  ea- 

Incineration  puop, 
6-in.  suction, 
u-in.  discharge 

M 

1 735 

6 940 

208 

93  kV  ea. 

10-in.  pipe 

1 HiO 

135.00 

153  900 

16-in.  pipe 

1 2U0 

122.00 

1ST  200 

14-iHe  pip6 

540 

80.50 

43  470 

10-in,  pipe 

» 780 

45.46 

217  298 

6-in,  pipe 

6 500 

10.36  . 

119  340 

5-in.  pipe 

2 500 

15.01  i 

37  525 

4-in.  pipe 

700 

10*85 

7 602 

3- 1/2- in.  pipe 

2 000 

9.40 

26  320 

3-in.  pipe 

9 200 

B,1« 

74  B08 

2-1/2-in.  pipe 

600 

6.67 

4 002 

2- in.  pipe 
Total 

800 

5.77 

4 616 

9 414  012 

1 

i 
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TABLE  E-60.-  MIUS  OPTION  I HVAC  SUBSYSTEM  (ANNUAL  CAPITAL  AND  06M  COSTS) 


ELFrTRTfAl 
ClIlILDIilft rtATF...S/K\'JH 

(a)  Input  data 

FitFL  IArOP  PATF 

JJaTF  S/MtlTii_  S7MAM-VrAR. 

array 

» 

-..-CltJfilF  FA'^lUT-. 

_.,nrtnft 

. . . oOnn 

..  -J  n 1 nn  * Cl 

• 

7 

m«N  MrM|<;e 

, orinn 

• ODon 

1 P I nn  ,n 

• 



^ t?Ar>nfr»j  /iPAPTHpxi^. 

. g n nnn  • 

- -J  n 1 n n , n 

rt  FMff,Tr?v  SCHOOL 

, nnnri 

'•.onon 

1 n 1 pn ,0 

....  ^ 

-VTII  U}  E?TCitL  APT 

, orinn 

* nnnn 

1 0 inn  f n . 

A 

M I nOl  F cTHOOL 

.onnn 

,nopn 

1 P 1 pn, n 

7 

H t rH  <:pnnOL 

^ firing 

- ' #[ifjnn  - 

1 n1  f 1 n • 0 

n 

'.'It  L firrtCF  ft  lor 

, fjnnn 

• oorm 

1 n 1 nn.rt 

V 

- RFrKETATrnN  CE.HTR-  ^ 

c 

c 

c 

c 

.noon 

ininn.o 

1*1 

cunPHtMr;  CFNTFP 

,tmnn 

,ooon 

1 ni nn.n 

1 J 

rni  LF'^c-  — _ 

. * OHnO  — 

*0^00  

1 n 1 n n * n.. 

1 ? 

FMnPPT^R  HALL 

, nortn 

.onnn 

1 n J pn  ,n 

• 

1 ? 

riFFtCF  PIIILOIMG- 

, onnn 

- •o.onn 

- 1 n 1 nn  * n . 

1 « 

M T R t 9 If  INK 

.onnn 

• onnn 

JOl  pr>,p 

• 

t ^ 

-in  R 1 T«w  

, n n p n ■ 

- -.onnn 

1 n 1 nn , n 

' 

1 A 

HO«;PIT/»| 

* mnn 

iOOrn 

1 Pinn.o 

— 1 7 

-H|  Wisr  SPAHTmNT.  1. 

, uonn  - . 

, .—..onnn  _ . 

_.  . loinn.o. 

91 

MF1CHB9MOOP  Hfyt; 

.onnn 

. .oonn 

'inlOnLO 

■ 

9 7 

» tlOnfj  , ^ 

- ^ ,noon 

^ f%1  nn  , n 

93 

TfiMN  rFWT£H  HTWS 

.onnn 

• .0000 

1 n 1 no.o 

. 

A/C  capacity 

A/C  POWFft 

ANNUAL 

FLECTpiriTT 

PEPSONNEL 

capital 

MATNTAINENCE 

... 

- . RIP  TLO  1 nr 

— TONS  •- 

Krt 

MF4X»HBTII 

ifiSH  -X.  ,nnnl  — 

MEM 

-.S.JI.OO!  

S_At01  , 

t 

. c jHftt  F FAHtLT  

_-3.nn  - .--.,nn 

. ....  , nfj  - 

— . .noPn  — 

.00  — 

1.590 

1.6900  . „ 

7 

Tn-cw  MRiiSe 

• nn 

• on 

.nn 

.onnn 

.00 

. ?no 

,ap90 

.RtoDFM  APAPTmFNT 

• nn  

, pn 

- ■ ''fl 

•nonn  

.00  . 

*773 

.(IA70 

*1 

FLrHfMTpy  SCHOOL 

»nn 

• nn 

, no 

.nnnrt 

.00 

6.2S0 

2, 0600 

-- 

9TlL  Ht  Rtst.  APT 

»Pn 

-nn 

.nnrin  . 

>. .00 

.9,6700 

A 

"irOLF  RfHOOL 

• fin 

.on 

.on 

. nnnn 

.00 

Z1.1P6 

6. 35P0 

7 

t'lr.H  RrwnOL 

. _ •nn  , 

. nn 

.onnp  .r 

.00 

Z1 • I 9 A 

6 .39P0 

P 

'•ii  L nrr  TCF  hi.Or 

» no 

• nn 

• •'0 

t nnrn 

.ou 

9 3.  IB.S 

1 5,3BDt) 

9 

nFrRfiTTON  . 

rnr 

...  .on 

.00 

. . nrtrp 

.ou 

IH.pns 

6,19n0 

1 n 

RwrPPluR  CFNTTH 

• n n 

. nn 

. on 

. nnnp 

• no 

29.119 

H./3P0 

1 1 

rni  lfrc 

• nn 

.nn 

.00 

* noon 

.00 

IJ.77^ 

6,99n0 

1 7 

cpjnpp  1 MR  hall 

.•  nn 

,nn 

• on 

. pnfin 

■ 00 

pou.nnp 

2/l‘,rJCnO  . 

1 .3 

oFFicr  miiLJlNO 

*nn  

...  .00  „ 

.00  . 

.popn 

.(10 

93 .9<;6 

16.3900 

1 9 

U|  R|Rr  INN 

* nn 

,nn 

• on 

• ■ .POnn 

.no 

36.7P0 

12,9000 

- 1 ^ 

tnPiRrTNN 

• nn 

. ..  ..  . *nn 

. , n n 

..  .nnop 

. . .00  _ 

• ^ "Tno 

. _ , lU.onOO 

t A 

WORP  1 T » 1. 

• OP 

• nn 

• nO 

.nnnn 

■ ou 

23.nno 

A.VPflO 

17 

PI  PlRF  APAHTmNT 

*nn 

• OP 

.no 

• Ponn 

.00 

9V.9S0 

23.9900 

- . 91 

•'FlGHppunoO  HI<J5  - 

. lA't'I'OO  . - 

.00 

_ ,oO 

.nnon  ... 

. *00  . . 

_ 71  ft  *2*3. 

74,7S00 

97 

wTt  LARF  HIUS 

!sA7n  • np 

.no 

,np 

.onon 

• 00 

I 3 ift.572 

227 ,96P0 

- ...91 

__T0FN  CFMTeR  HIUS 

I 7ftOO»OP 

' .no 

,pr. 

...  -oonr) 

.00 

. 9919,012 

995.&7O0 

TABLE  E-60.-  Contxnued 
(b)  Input  schedule  array 


-71 3<0n 

713. on 

— 1 ?‘i7,nn 

53*1.00 

. -SJi.oo  _ 

1071  •00,. 

531*00 

.>31.00 

1 117  1 *00 

sai.nn 

sao.nn 

1 071  .no 

531.00 

531*00 

1071*00 

531.00 

— 17*17.00 

- — 71  j.no 

- 7t3.nn 

. 

- ..  , 

3?*t  *00 

3 7*1.  no 

S67.no 

7*13.011 

213, nn 

t)06,00 

213*00 

2*1 3 .fiO 

pii.cm 

- 7ti3.no 

*»p  A.nn 

2i3.no  . 

713,00 

186*00  

213.00 

?llla  nn 
.37*)»nn 

567. nn 

- - 32*l.on 

3?«.nn 

<;67.no 

37**.nn 
- 7*13.011 

_ 213,00  . - 

186.00 

--  213*00  

213.00 

?H3.cin 

7*13. nn 

*iR6.nn 

213.00 

713.00 

186.00 

213.no 

_2<j3.nn 

_.,S67.on 

• — 37«.nn 

32<l.ncj 

w.. 

, _ 

, 

] cnn 

t .on 

?.no 

*rn 

t .00 

2.00 

• no 

1 .on 

?*nn 

.on 

— |.00 

7,00 

. . . . .00 — 

- . 1 .00 

2*00 

__  .pO 

1 *np 

™ . ?»nft 

7. on 
2. on 

1 .no 

7.  .no 

t .nn 
7. no 

, 2.0D  _ 

^ 7.00 

2. no  7. on 

?*nn 

7«on 

?.on 

7.nn 

2.00 

2.00 

2*no 

7*00 

_ .nn 
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TABLE  E“60.~  Continued 


(c) 


Total  annual  capital 


expenditures 


{$  X 10"®) 


w 

I 


fl'JILoIHi?  tTPF 

X 

2 

3 

_ stwRi  £ r«tiii,r, — 

1 .0980 

) ,0900 

1.77011 

,8721 

2 

fO«>J  HOttRF 

.0907 

.0907 

.ISflB 

.oa«o 

3 

- GtBijrkl  *p*R7MErJT- 

.0773 

*0723 

1 7fiH 

,n*;*+7 

H 

RCHont 

■ unA? 

.00*7 

,017s 

.nnnn 

. . . 5 

vMt  «t  Btie  aft. 

.QSSn 

. .. . .nssn 

- . .05Sn 

.oKbn 

ft 

••T''")  f RthOOL 

• Linrrn 

.0712 

♦ nnnn 

,n7i7 

_ 7 

HIGH  SThopL  

oanrt 

,nouQ 

- .0712 

,nnOn 

fl 

Ttl  L fl^F  1 FF  BLOG 

« noon 

*04H0 

.niBn 

,rnnn 

9 

. . KFFRr  ATI  nit  CFOTR- 



.0119 

. - . • nnon 

_ ,n r '^9 

itj 

SHnpotOG  CFNTtH 

■ ijnnri 

. nooo 

■ n?9| 

,nnnr) 

— 1 1 

Cot  lfgC  - ■ 

.oorrf 

*nnaa 

- .noon 

,0130 

T2 

SlOPOllf.  mall 

.Oflon 

.onoo 

• nnno 

.nnnn 

^ 13 

OFFIfF  niiTLOIOG 

*l»t>nn 

.09«Q 

. _ *0000 

.nqiin 

tH 

H|  RISE  t»>« 

• unop 

pOnun 

• m*? 

.nnnn 

1 5 

-LO  BISF  iuN  

•uonn 

,01 97 

, nnnn 

— _ . . nnon 

T A 

Hn<;ptTAt 

• onnn 

,onaa 

• noon 

.nnnn 

1 T 

HI  SiRF  IpaRTMNT. 

« unof> 

,oooo 

*OfiHn 

,nnno 

91 

NF reunRMnnn  hiur 

9*  1 

«f>non 

2.  lIBfl 

.onoo 

92 

vlt  Laf.F  MinS 

1 . J| 

- .0000 

1.31*6- 

— .onrtn 

93 

rn*M  cfutfr  Hint; 

• ounn 

7.A3S9 

.1*113 

.7929 

■ 

THTAt- 

a«/R7A 

fl . 1 ni ft 

- - 6«0«i77 

1.3758 

s 

A 

7 

B 

V 

10 

- - t .6193  

.0221 

• nZ2H. 

_ 1.6AV3 

. ,027*1 

• P*ao 

t 1361 

• 064)0 

»n64SO 

• 1361 

.0680 

.05*^2 

. .InoH 

-.0517 

.0612 

,I0«1  . 

,0512 

.8062 

.01  2S 

.00011 

*0067 

• nizs 

.OQOa 

. .nsso 

• U5&0 

.0560 

__  • *iicsn 

.0550 

• nnno 

• 0712 

.nnoa 

.nriuo 

.0717 

,0000 

- *n2i2 

- ,0000  

.1>Z12 

-.0000, 

+nooG 

.0712 

• n u 4 0 

.onoo 

*07*40 

*Qnuo 

.noDO 

.01 1*7 

• OOQO 

.nooo 

•nii9 

.nnni) 

.nzv  1 

• nnno 

.0791 

.notjo 

• Onoo 

.0791 

-nnoa 

.OniiQ 

,0000 

.0000 

.ooon 

,onno 

• Anno 

• onnci 

• OQDO 

• fronn 

• If  mm 

.0000 

.onoo 

- . ,0110  .... 

• unno 

..^^•0*4  **n 

• ?joon 

.D4*»n 

ionno 

• nnno 

• U362 

• noon 

• 11367 

.0000 

*nnoQ  

■ noon 

.omm 

*iinop 

.0000 

.nnon 

•0t|5 

• ocoo 

• nntin 

• won  n 

.0000 

--  -nMVft 

*nono  

.unoG 

.Mtnn 

.0000 

• nouc 

7* 1188 

• noon 

,00110 

2.11BR 

• anno 

- - .nnno 

- 1.3166 

• noau 

.nnno 

1*3)66 

• Dnno 

• tAb3 

• onno 

.ZH27 

. HIH3 

2. AR3n 

.unan 

7.T3?fl. 

- S.S6Z1  1 

• 36flS 

1 . 2H2.n 

. , B.Z7!»3 

1.M936» 

BOnoiNC  type 

-T£A9 
1 1 

(2 

1 3 

1 4 

1 

- ST*l«t  E F AHtLT . 

-•B279 

) .6493  . 

• A7?o 

.....  ,B7Z9 

2 

3- 

toih  house 

— GApnirM.  ao.dTMFh,. 

»06An 
. «USM  2. 

.1361 

, 1 0 B 4 - 

• n 6 A n 

pRAftn 

44 

ELrMFNTHY  ICHOOL 

tOOA7 

,ni2S 

• Dono 

• rvnR? 

— 5 

VTm.  H!  PISE  APT 

.«U6ftn 

- - ,ostio 

.n«?5n 

.pASn 

A 

MtnoLF  srifOOL 

« nnno 

.0717 

• onon 

,nniin 

— 7 

rtlSH  SfupnL  

t OOno 

.nnco 

. .fl7|7 

,nnof? 

P 

vTi  1.  oEPirr  "LOG 

.Utinn 

,04*40 

• n4*Jo 

, noon 

_ 9 

HFrirAtiou  cf«TP 

• Unno 

— ,0(99  - „ 

• nnno 

— _ , nnno 

10 

SMnpptrtR  rFWTER 

• oooo 

,onoo 

,079, 

, nnno 

-'1  1 

-COiefGE  

-.01 3A 

.nooG  

. *nonn 

,nnon 

1 z 

SHnpDiNG  KALI. 

• otrnn 

• oooo 

• nnnn 

,nmn 

— la 

OFFlrE  ftltlLOIMa 

• uDon 

, <1*440  .. 

• nnpn 

..  ,0040 

|9 

HI  RISE  IMS 

« nnnn 

, nnrrn 

• nnno 

.f'onn 

ta 

LP  Hllr  tklM  

■ iiimn 

,nnon 

« nnno 

. nnnn 

|6 

MPSPt  TA| 

• Onnn 

, noon 

• nono 

^r>nnn 

1 7 

Hr  BISF  AOARTPNT 

• oo«n 

,0994 

* nnnn 

* nnno 

9J 

«FIOM8«KPnO  MlUS 

*unnn 

7 , 1 46A 

« nooo 

, noon 

9? 

Vlt  1.  A OF  HI  IIS  

■ dnnn 

^ 1,3146  - 

• nnon 

, OnOO 

93 

Tp'H  CEmtfp  Mills 

TOTAL  ■ 

*Mn3 
• 2079 

,onon 
A , 600 1 

.3791^ 
1 .4711 

7.. 15  3s 
3.1031 

IB 

16 

17 

IB 

19 

?o 

,6*fV3 

• B?24, 

„.9221 

1.9201 

1.U90O 

I. 0900 

. I 361 

*0400 

• 06BD 

.1508 

• ^907 

.0907 

.1001 

-•□592. 

,1764 

.nl  ZS 

• onno 

• 0062 

.0125 

• 0062 

.0062 

.0560 

. 

. . _ ' US60 

.1100 

• ci56(1 

• OftSG 

.021  7 

■ nooo 

• oono 

.0717 

.onoo 

.DOOU  . 

.0212 

.nonn 

.onon 

*0712 

*nnnf, 

*0440 

• Olio 

• 0440 

,n440 

• 4i4*in 

•Q9*in 

. .0149  

• onno 

.onou 

.0119. 

■npUfi 

• onno 

.nooo 

■ 0791 

. unon 

• nonn 

*G7V| 

.OOflQ 

- --,.0000 

..□nno 

fOOOO 

.nnno 

-■  . .nnuci 

. - .01700 

• RGOO 

• nooo 

.0000 

■ noon 

• unoo 

.0000 

. .nODD 

.OaiO 

,aoopo 

.onon 

,.OP00 

,0000 

.nnno 

»oono 

.ooou 

,nnfjn 

*npnn 

^ .nnon  . .. . 

• nnno 

- .UQDO 

.r«tin 

. . *4*00  n 

• onno 

.04  15 

■ Onnn 

• onnn 

• noun 

• nnurr 

,uooo 

.nnno 

.nnno 

,U494 

-rutm 

• wniin 

• unno 

7.1 4BB 

.ofino 

• OODO 

7 * 1 Maq 

.OOI'O 

1.31A6 

• nnoo 

. _.  .unnn 

-1.3166 

*0nGn 

.onr-G 

• nrioo 

• nnon 

« 1 BP3 

♦ noun 

4 nnon 

• anno 

6.31**  t 

. 1 176 

I . 2875 

5. 8731 

I. **165 

1. 3662 

73 

I 

1 

J 


2 


IS 

9 

9, 

AS. 


t 


O 


9 


TOTAL 
.tit>3a 
.vaST 
.Sl73 
.1312 
, isatt 

.■•lej 
,1183 
• MSI 
.1010 
.2038 
.027A 
.lOIJO 
.3sia 
. lOBA 
,0197 
,0420 
I V7fl 
,0115 
21A0 
bUB2 
B7A0 
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TABLE  E-60.”  Continued 
(d)  Total  annual  OSM  costs  ($  x 10"*^) 


M 


1 

? 

3.  . _ 

4 

$ 

f, 

7 

A 

9 ^ 

|H 

- 11 
I 7 
1 3 
I 

- - JS 
I A 

1 r 

9? 

03 


T£Att 

R^TinlHfi  TYPF  1 

51  Mfil  F F»M  tlT  * I ripq 

rr>‘-in  Hni.rpr  *un77 

GAPPIfN  AptPTnCNX •tF0?7. 

Ft  PKFMtpv  SCHOOL  *[inn*5 

'^TEL  H*  BlSf  APT *£J019 

HIOftiF  SCHOOL  «UOnn 

Ht(5H  StpnrkL  *l>rinn 

VTi  L nFPTfr  fluor;  *Of^rn 

HPrprftT|o4  cfntr *onnn 

SHnpMfJf;  cFAlftH  •(Hmn 

CniLrCF  ^ lUOnn 

*HMrn 

OFffrF  nuTLOINU lUnon 

Hr  BfSF  jHM  ,*<lnnn 

LO  DiSf  rwH  .unnn  . 

HftSp  T T fli  vOnno 

Ht  9t5f  APAftTHMT *Oono 

NF  rftpr\KMnnO  «liJS 
V M I IGF  MtilS  - ^tt?77 

to-»m  cfhtfo  «Eus  «oaon 

roTAu I s- 


2 

■ 

*nob*i 

.nos  1 . 

,noOs 

,nn3p 

*nnri6 

, nnao 

,nnis 

,noos 

.noon 

,nf)0n 

• .rtnuo 
.finis 
, noon 
.nm  n 
.nnno 
,nnon 
,n2?H 
.n?22 
,nt39 
,297s-^ 


3 

*NI  U 

»nin? 

. »nnR  I 

• pHnp 

« nnsa 

• nnfxf, 
.pnpA 
,nn3i 

.nnns 

.nnno 

• n n Fi  n 

• nnofi 

.nnt  t; 

• nriM 

• fin  i n . 
*pnnn 

• ronp 

• n«u  n 

*n ) 

**ssns  - 


H 

B 

6 

7 

B 

9 

.4039 

»TiUD 

- . *«233 

.90b5 

...  1.07US 

.^11  z? 

<niH3 

»01  SI 

• O20H 

• <^zzs 

• U76S 

,nn9n  _ , 

*ni 1 H 

.□!  >17 

*0163. 

n 1 79. 

■ 0 9 1 9 

f pmo 

.om  s 

• OQI  M 

• nni6 

■ U02I 

,nn77  . . 

*no9A  , 

■ 0 J 15 

• Gl3b 

-^■•OlSs 

fOt  73 

*Pni  3 

• 0013 

. nn  IT 

• 0019 

.n«l  9 

-onzs 

,nnn6 

40013  _ 

. .Pni 3 

*001? 

.pni*? 

(0019 

*nn3i 

.nnst 

.nn^a 

• 0062 

• no/7 

*0097 

.nmn 

•0010  _ 

- .tini* 

.0016 

.roi6 

it'r7i 

,nnP9 

• nm  7 

.n"!  7 

• 0026 

• 0026 

• On76 

.nnn*  . 

• nno6  .. . 

• PTC* 

_ .(1006 

.PfHJA 

_ .omiA 

,nnnn 

• 0?7d 

.0770 

.0770 

• 02/n 

* £'7/n 

•Pf3! 

*0031  ___ 

.OriRt 

.Eifl46 

. ...  .no6? 

,006? 

.'ini  3 

.0013 

.nni  3 

• 0026 

• nozA 

.0039 

,f*n  1 n . 

-onio 

_ .omo 

.0010 

.poia 

.0010 

*finnn 

• nono 

.Onfi  J 

-U003 

.0003 

■ 0n03 

* nnpn 

.0073  - - 

.0073 

• uozi 

- •0fl23 

.CJ0S7 

. nssn 

• nsHp 

«OAT3 

• U673 

.0673 

• cflvr 

. nssG 

• n4t«s 

• nss7 

.[1667 

• 0667 

• u p 9 n 

*aiy,d 

.01 73 

.0173 

• n 1 on 

• njvj* 

• t»33V 

»A430 

.7ASH 

- .Ttt(13 

1 *UBDS_. 

4.1  72S-. 

1 *S122. 

to 

- t*l5Z7 
»G7Q6 
•0?2B 

• on?i 

*on?5 

• D07S 
.onv2 
.0021  . ^ 
.nfijs 
,onn6 

■ tJBsn 
,nn77 
.0P39 

- •onto 
.nnna 
*0ns7 

■ 0P97 

• UP9CI 
.0339 

I *f>3Ql 


I 

2 

U 

s 

A 

- 7 
F 
9 

IP 

- 1 I 
1 2 
t 3 
I S 
IS 
1 A 
1 7 

01 

o? 

U 1 


SilfLnIMR  TTPf 

TEAR 

1 1 

12 

X 3 

S1«GI  T FAHILT 

i.Z3<IT 

1 ,3TVS  

1 .HOZi 

TtI»‘H  HOIJSF 

• 0306 

.0317 

• n3A? 

GADnrM  SPAS  rn£,;JT. 

u JIIU 

--,0377 

*0?91,. 

• nnzT 

flE-ur'jTPv  school 

• 01173 

.0037 

VK  t HI  s tse  APT 

.0717  . 

.0231 

• n?*;n 

•1  I f>ni  F cruflOL 

• 0O7S 

.0033 

• pn3^ 

H ISM  ScunoL 

.U07S  . 

.0075 

.nn37 

Tilt  Of  FlrF  BLDR 

• OrlT? 

.oms 

•nt 

AfrarATInu  CFHTH 

.U071  - 

.0036 

.nn?A 

SH^PPIMR  CfrtTtH 

► 0035 

.0035 

«nn<i4 

Cnt  1 rGF  __ 

.001 3 

,0013  

• no  1 1 . 

SpnpttlMR  UALU 

« OS40 

,o5«n 

* 

OFffrF  BilTLOINa.. 

*0077  - - 

.0093  , 

• nrt97 

HI  fitSF  r«iir 

• no  TO 

, 0039 

• mio 

LO  OtSF  M.H 

- - « n 

.0010 

« no  1 n 

ri  n c 0 1 1 A L 

• ilnpn 

.011113 

• POfTl 

HI  PlTf  APASTnOT 

• (10  4 7 

.00/0 

« oPTn 

NF  r siiPPMnno  H 1 it^ 

• 04^7 

.1171 

• M ?1 

SM  1 i A RF  u I IIS 

— #un9o  _ 

.1117 

* 1 1 1 7 . 

JH-N  Cn.TFP  Mills 

*11349 

,0397 

.0167 

total 

» • A t *>n  1 

.S9SA  1 

*93Pt 

1*> 

IS 

lA 

17 

18 

1 V 

?o 

— I.SAMJ  . 

1*7293  

. 1 *6l ts 

1*0937 

z,n"5s 

_2*19!,6 

2«3es*l 

. nsftp 

*0929 

«nct*t9 

.0969 

.nsi7 

i OS‘1'1 

• 0S72 

.0,509 

*0512 

- .OlSB 

.037N 

.PH17 

•0*J39- 

• 04S6 

.0029 

• 0033 

• 0033 

• D03S 

.nD39 

♦ ] 

• 0093 

. 0269 

.07B9 

• nioR 

• U337 

_ - ,r3*A  . 

• 0409 

,0039 

.0030 

• 003P 

.0030 

, finsM 

• 0049 

• UP44 

,0037 

- .0032  . . 

• nn3B 

^ •nn3« 

,Pfi3s 

*(Tp**M 

• OPMH 

.0)23 

.01  3p 

*OtS*i 

• 0169 

.n|BS 

■ □pun 

■ o?t^ 

.0026 

•0031  - 

• 0031 

• UQ31 

- . ,no3A 

• np36 

,0036 

.0099 

.OflHM 

• nnsz 

• UDS2 

.Pt'57 

• 00*1 

• 0fl6  t 

— .rmi  .. 

— *nDt3 

• On  1 3 

__  *0013 

™^.nL'i3 

*0013 

*0013 

• ortia 

• OP  1 0 

• uein 

.rfln 

• HPtn 

• OP  to 

- - ,ni on 

• OtCB 

.0(33 

- .0  123 

._  .P17-1  . 

• 0123 

• 0173 

,0039 

*0037 

• 0039 

• 0039 

.PtiJT 

♦ 11039 

• 0039 

.on  r n 

• notO 

• no  1 n 

. 11  Oil) 

.nnin 

• onto 

*00 1 0 

, f>on3 

.0007 

♦ OnpT 

• non/ 

.nniiT 

.«»P07 

• OpflT 

. 0070 

*00/0 

*nn70 

• nOTH 

.PUTM 

* 0099 

• 1121 

• 1 3*1S 

• 1 74S 

. 1 34S 

.]5/P 

• 1 s/n 

* 1 s/n 

.Ml? 

• 1335 

• t T3S 

• I33S 

.1S*«7  _ 

* ltr*7 

• tSB7 

.0*19) 

,PM9l 

• n*i9i 

.risnt 

,P5(1| 

• OGOI 

« 05n  1 

2*0907 

?• 

7 . 3fl  I 9 

2.73/1 

2 . p 4 7 n 

7.96!,3 

total 

Z‘t.2065 
«0D0l 
.*<>87 
,ON8T 
, «09R 
.OblM 
.ORTO 
. ?U1S 
.OH70 
.06H« 

,oa  7<t 

.»VtO 
. 1 tTA 
.O^frfl 

.01 9n 
.0072 
.OTA} 
I.AAtl 
I .ohar 

.AT03 

J1.77TB 
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TABLE  E-60,-  Concluded 


(e) 


On-line  tons  of  air-conditioning  (ton  x 10~^) 


-TCAP 


AnTi.9iNi;  type. 

1 

2 

1 

9 

s 

^ — 1 . 

siMCl  e F»wTi..r 

--  10 

. ..  ;*i7/8 

. . ,flnio 

- ,9A?t 

t • 1223 

. 1 *9936 

7 

Poplar 

• ■(linn 

.noon 

• onnn 

.nnoo 

• nooo 

• nnno 

3 

GlorKTH  «d*i^TMENt 

—■anno 

- . ,noOo  . 

-•nnnn 

pOnnn 

• nooo  . 

.Ofinn 

H 

£| cwrSTUv  fCHUOL 

• anno 

*nnon 

« nnon 

^ rmnn 

• nnou 

• nnnn 

— 6 - 

''III.  HI  OIGE  A(*T 

• Uftnrv 

.rmOn 

— .onnp 

— . .nnnn 

• nnoo  .. 

♦ nnftO 

6 

H 1 nni  E SrHHtTL 

• anno 

.0000 

• nnnn 

.npnn 

• noup 

• norm 

7 

H 1 OH  BCHnpt.  - 

-• onnn 

.none 

• nnnn 

^nnnn 

• nnno  - 

■ .nnnn 

9|i  (.  OFF|rF  ftLPR 

« Ufi^n 

,npon 

• nnnn 

, nnno 

• rmoo 

• nnno 

UprQf-ATXnM  CFNT9 

- .ijnnn 

• *•  ^ , noun  • 

.nnpfi 

— .nnnn 

• onotl  . 

. _ .nnnn 

tn 

Shoodimi;  r*'MTCR  * 

• iinnrr 

.nooo 

• nnnn 

,nnnp 

• nnuo 

• nnpn 

— 11- 

Co|  1 fRE 

• onnn  - 

— ,nnnn 

.nnnn 

. .nnnn  • ^ 

■nnoo  . 

• . .onon 

1 z 

SHOPPING  hill 

• iinnn 

. nnUij 

, noon 

*nnnn 

• nnnn 

• nnnn 

1 3 

OETfrE  BiiTLDl>''S 

• ooon  - 

, nouri 

— « nnr>n 

— .nnnn--_. 

• nnuu  .. 

.Onnn 

I** 

«T  QfSF  r«*J 

• onnn 

,noua 

« nnon 

.nnnn 

• nnou 

• nnno 

W 

I 


Lrt  ot5€  fijM  - * 

t IS  Hn<P  I T A| 

\T  ti}  Qi^r  ApARrriNT. 
9t  1 <;uft^Mnnn  MtU5 
‘ vn  t agf  Mills 
93  CFurrO 

— TOTAl 


— • nnnn 

• nonn 

- *njiPn 

* » I 3*«n 

• 53«n 


..  ^nrtnn 
,<inno 
- ,nnon 

, 90  Ail 
-J  ,6699 


. _ •nnoo 

• nnoo 
. annoo 

• 9069 

I « I 340 

»A?30 

SAd  ? 


. *nnnQ, 
»nnnn 

■ HPioa 

I *«996 

1 .7n  10 

■ A?30 
S»2«I72  . 


...I*6a3« 

• UQOO 

*0000 

• OOQQ 
aonoo  _ 
*nnoa 

- *«»noa  - 
*nnnri 
atinnu 

• [■oon 

- aunDU  _ 
■ croon 

• UDOO 

• anno 

.l*Q0U  „ 

• noon 

- *0000  

I .9796 

-1*7010  ^ 
.6769 

-ft.HAOH 


fl 

^.7690  _. 
,noan 

*oono_ 

*nuno 
.nouQ_ 

• purio 

, ,nnaR  _ 
.noun 
— .nnoo  _ 
*ftonn 
. _,oDun  ^ 
.nonn 
^ •noiio„. 

♦ nrrnn 
.ouirtJ  __ 

*noon 

_...nooQ  _ 

I .il79A 


9 

_ _2*0Pb3_ 

«iinun 
*OQOP 

• tinop 
*onoo  . 

• on  on 

•opon 

• ooon 
*0000  . 

*ur>on 
*0000  . 

• orifm 
•nfiuo 

»anon 
*nD00 

• ooon 
*^onu 

1-V7ZH 
. . 2*  76*^0 
1.7IV3 
7 ••**1^9 


in 

2.Z955 

.□noo 

• UDOO 

• OPno 

• POOD 

.UPPO 

• onoQ 

• onon 
..  .oroci 

• onpo 

• □PPO 

•'0000 

..  .onnrt 

• onno 

. •□DDO 

• onnp 
. .0000 

1.77Z6 

7.Z6HQ 

1.2173 
T./nSfc  _ 


. a - . * 

- tear  . 



HUILnl'lG  TTPr 
-SIWGI  £.  C»MILT 

1 1 

— 7 •Ha‘17 

I 2 

^ _ 7.72/d 

1 1 
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TABLE  E-61.-  MIUS  SOLID-WASTE  SUBSYSTEM  COSTS  (DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL 

COST  IS  102 

.00  CENTS  HER  MSTt. 

U ^ITH 

ESCALATION 

RATIO  0 

.050 

RUN  iVADE  IP' 

3/73 

D.  C. 

F.  ANALYSL 

S FOR 

f-.  . ,s 

SOLID  WASTE 

SUBSYSTEM  (USED 

FOR  BOTH 

OPTIONS) 

12/3/73 

COST  FLOU 

; TABLE 

(ALL  COSTS 

IN 

$ X 10E6) 

INVESTMENT  i 

MAINTENANCE  OPERATIONS 

TOTAL 

PRESENT 

CUMULATI  VE 

YEAH 

COST 

COST  COST 

COST 

value 

P.  V.  COST 

197S 

0.  508 

0.  122 

0. 

017 

0.  647 

0.629 

0.629 

19  76 

0-  474 

0.  251 

0. 

0 30 

0.755 

0.624 

1 . 254 

1977 

0.  593 

0.  449 

0. 

064 

1 . 106 

0.  78  6 

2.  039 

197S 

0.  632 

0.  602 

0- 

039 

1 . 323 

0-8  11 

2.850 

19  79 

0.  28  3 

0.719 

0. 

1 12 

1.114 

0.  575 

3.  425 

1980 

0.  607 

0-883 

0. 

1 33 

U 623 

0.  741 

4.  1 66 

198  1 

0.  378 

1 .069 

0. 

171 

1.617 

0.  629 

4.  775 

1982 

0.734 

1.183 

0. 

19  1 

2.  107 

( 1 . 7 2 'j 

...  , .0 

198  3 

1 . 300 

1 . 39  7 

u. 

236 

2.  933 

0.889 

(,•  J 9 

19  8 A 

i 1 . -)h 

1 . S74 

0. 

273 

2.  406 

U.  6 J 3 

/ . 024 

198  5 

0.  SOU 

1 . 7S3 

0. 

31  u 

2.  56  7 

U.  5b8 

'(,  \j)  2 

1986 

u . 8 U5 

1 - 9 SV 

0. 

3VU 

3.  184 

0.  619 

8.212 

1987 

0.  582 

2-  1 30 

0. 

407 

3.  1 18 

0.521 

8. 733 

1988 

1 . 243 

2.  401 

0. 

446 

4.  089 

0.  604 

9. 337 

1989 

0.971 

2.  641 

0. 

514 

4.  127 

0.  525 

9.862 

1990 

D.  7 I 1 

2.  843 

0. 

572 

4.  126 

0.  452 

10. 314 

199  1 

0.865 

3.  088 

0. 

619 

4.  573 

0.437 

10.751 

1992 

1 . 531 

3-  473 

0. 

730 

5.  734 

0.482 

1 1 .233 

1993 

0.966 

3.  767 

0. 

801 

5.  534 

0.  399 

1 1 . 632 

199/1 

0.831 

4.  054 

0. 

874 

5.  759 

0. 359 

1 1.992 

COST  TOTALS  FOR  THE  20 

YEAH  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

•NON -DISCO  UN  TED 

N0N- 

DI  SCO  UN  TED 

DISCOUNTED  TO  19 

CAPITAL  EOUIP. 

10.461 

1 5.  123 

4.  48  5 

LESS 

RESID.  VALUE 

5.  1 51 

8.  067 

0.49  3 

NET  CAPITAL  COSTS 

5.  309 

7.055 

3.992 

CX?STS 

FOR  FUEL 

3.  165 

6.963 

1.121 

OTHER 

OP.  COSTS 

0.000 

0.  000 

0.000 

MAINTENANCE  COSTS 

22. 765 

36. 358 

6. 386 

TOTAL 

COSTS 

31. 239 

50. 376 

1 1 . 499 

CUMULATIVE  SERVICE  DELIVERED  = 

1 . 

530  50 

AVERAGE  UNIT 

COSTS  FOR  THE 

20 

YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO  UNTED 

NON- 

DISCO  U.NTED 

DISCOUNTED  'TO  19' 

CAPITAL  EQUIP. 

6.835 

9.88  1 

2.930 

LESS 

RESID.  VALUE 

3.  366 

5.  271 

0-  322 

NET  CAPITAL  COSTS 

3.  469 

4.  610 

2.  608 

COSTS 

FOR  FUEL 

2.063 

4.  550 

0-732 

OTHER 

OP.  COSTS 

0.000 

0.  000 

0,  000 

MAINTENANCE  COSTS 

1 4.874 

23.  756 

4.  1 72 

TOTAL 

COSTS 

20. 41 1 

32. 9 1 5 

7.  51  3 

E-151 


TABLE  E-61.-  Concluded 


(b)  Escalation  ratio  of  1 5 percent 


FUEL  COST  IS  lOe. 

00  CENTS  PER  MBTU#  WITH 

ESCALATION 

RATIO  0. 

. 150 

THIS  HU^J  MADE  IS/ 

3/73 

D.  C.  F.  ANALYSIS 

F0  H 

MI  US  S0LID  WASTE  SUBSYSTEM  (USED 

FOR  BOTH 

OPTIONS) 

12/3/73 

COST  FLOW  TABLE 

(ALL  COSTS 

IN  S X 10E6) 

INVESTMENT  MAINTENANCE  ©PEhATIDNS 

TOTAL 

PRESENT  1 

CUMULATIVE 

YEAR  C0ST 

COST  COST 

C0ST 

VALUE 

P.  V.  COST 

1975  0.508 

0.  122 

0.022 

0.  663 

0.  634 

0.  634 

1976  0.47A 

0.251 

0.  043 

0.  768 

0.  634 

1 .268 

1977  0.  593 

0.  AAS 

0.  100 

1.  142 

0.  3 10 

2.  078 

19  7S  0.632 

0.  602 

0.  1 53 

1. 38  7 

0.847 

2.925 

1979  0.2B3 

0.719 

0.212 

1,214 

0.  625 

3,  550 

1980  0.607 

0.883 

0.  276 

1.765 

0.303 

4.  353 

198  1 0.378 

1,069 

0.  387 

1 . 834 

0.  71  1 

5.063 

1982  0.73A 

1 . 183 

0.  473 

2.  390 

0.817 

5.880 

1983  1.300 

1 . 397 

0.  643 

3.  340 

1.005 

6.88  5 

19BA  0.558 

1. 57  A 

0.814 

2.  947 

0.  7 49 

7.  634 

1985  0.  500 

1 . 753 

1.025 

3.  278 

0.  721 

8. 355 

1986  0.855 

1.9  59 

1 . 323 

4.  137 

0.  797 

9.152 

1987  0,  582 

2.  130 

1.  59  3 

4.  304 

0.  7 14 

9.866 

1988  1.2A3 

2.  401 

1.910 

5.  554 

0.8  1 1 

10. 677 

1989  0.971 

2.641 

2.  415 

6.027 

0,'7S9 

1 1 . 436 

1990  0.  711 

2.843 

2.9  42 

6.  49  6 

0.  706 

12.141 

1991  0.865 

3.088 

3,  488 

7.  442 

0.  704 

12.845 

1992  1.551 

3.  473 

4.  504 

9. 508 

0.  787 

13. 632 

1993  0.966 

3.767 

5.  412 

10. 145 

0.  723 

14.355 

1'99A  0.831 

4.  054 

6.  467 

1 1.  352 

0.  701 

1 5.056 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  T0 

1994 

1973  PRICES 

escalated  prices 

ESCALATED  PRICES 

N0N-DISC0UNTED 

i N0iN“ 

DISCOUNTED 

DISCOUNTED  T0  19 

CAPITAL  EQUIP. 

10. 461 

15.  123 

4.  48  5 

LESS  RESID.  VALUE 

5.  1 51 

8.067 

0. 493 

NET  CAPITAL  COSTS 

5,  309 

7.  055 

3.992 

COSTS  FOR  FUEL 

3.  1 65 

34.  202 

4.  185 

OTHER  . P.  COSTS 

0.  000 

0.  000 

0.  000 

maintenance  CD  STS 

22.  765 

36.  358 

6.  38  6 

TOTAL  COSTS 

31.239 

77. 61 5 

1 4.  563 

CUMULATIVE  SERVICE  DELIVERED  = 

1. 

53050 

AVERAGE  UNIT 

COSTS  F0K  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCO  UNTED 

1 NON- 

DISCOUNTED 

DISCOUNTED  TO  19 

CAPITAL  EQUIP. 

6.835 

9. 88  1 

2.930 

LESS  RESID.  VALUE 

3-366 

5.271 

0.322 

NET  CAPITAL  COSTS 

3.  469 

4.  610 

2.  608 

COSTS  FOR  FUEL 

2.068 

22=  347 

2.  734 

OTHER  OP.  COSTS 

0.  000 

0.  003 

0.000 

maintenance  costs 

1 4.874 

23.  756 

4.  1 72 

TOTAL  COSTS 

20. 41 1 

50-712 

9.515 

E-152 


T2LBLS  B*62."  BIOS  OPXIOHS  I RUD  II  SOtlD-HlSTE  SOBSTSTEH  {IltPBTS  TO  DCP  PROGBAH) 


Year 

Capital, 
1973  £ 
(1) 

Fuel, 

Btu 

Uaiutenance  labor 
and  naterial, 
1573  S 
(2) 

Operator 
labor, 
1973  $ 
(3) 

Total 
068, 
1973  S 
(4) 

Innual 

service, 

tons 

1975 

0.4789z10« 

14.4i10» 

0.022x10* 

0.090x10* 

0.112x10* 

0.55110* 

1976 

.4335 

24.1 

.043 

.180 

.223 

1.09 

1977 

.5273 

48.9 

.067 

.320 

.387 

2.31 

1978 

. 5453 

65.0 

.094 

.410 

. 504 

2.96 

1979 

.2370 

78.0 

.105 

.480 

.585 

3.64 

1980 

.4601 

88.4 

.127 

.570 

.697 

4.72 

1981 

.2622 

107.8 

.129 

.660 

.819 

5.12 

1982  j 

.4230 

114.7 

.160 

.720 

.880 

5.54 

1983 

,8208 

135.4 

.199 

.610 

1.009 

6.61 

1984 

.3198 

149.2 

.214 

. 890 

1.104 

7.24 

1985 

.2299 

163.3 

.224 

.970 

1.194 

7.95 

1986 

. 4428 

183.3 

.245 

1.05 

1.295 

9.04 

1987 

.2522 

191.9 

.247 

1.11 

1.367 

9.45 

1980 

. 5939 

200.1 

.286 

1.21 

1.496 

9,83 

1989 

.4428 

220.0 

.308 

1.29 

1.598 

10.90 

1990 

.2627 

233.1 

.320 

1.35 

1.670 

11.60 

1991 

.2479 

240.3 

.331 

1.43 

1.761 

12.45 

1992 

.6689 

269.8 

.363 

1.56 

1.923 

13.45 

1993 

.2624 

281.9 

.375 

1.65 

2.025 

14.02 

1994 

.2415 

292.9 

.386 

1.73 

2.116 

14.58 

»See  detailed  equipnent  list  for  coaponent  costs. 

^Hdinteaance  labor  and  naterials  at  5 percent  of  capital  value 
^Operator  labor  at  $10  000/yr. 

♦Hot  including  fuel  and  electricity. 


E-ISS 


TABLE  E-63.-  BIOS  SOLID-HiSTE  SUBSISTEH  (AABOAl  CAPITAL  OBTLAISJ 


m 


year 

Quantity 

Description 

Useful 
life,  yr 
(1) 

Hajor  conponent 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

1975 

1 

pushcart,  1-yd^#  at  $140  ea. 

5 

140 

4 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 

5 

10  000 

2 

Gravity  chute  systeas  at  $350/floor  plus  $350 

Two  12-story  systeas 

40 

9 100 

1 

Packer  truck,  40 -yd^ 

7 

35  000 

12 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 

7 200 

1 

Coapactor  container,  40 -yd^ 

5 

7 500 

2 

COQpactor  containers,  lO-yd*  at  $6000  ea. 

5 

12  000 

1 

Ftont-end  loader,  40-yd^ 

7 

35  000 

2 

Tracks  for  coapactor  container,  at  $3500 

7 

7 000 

1 

Tractor  crawler 

8 

8 000 

1 

Steel-wheeled  coapactor 

S 

8 000 

2 

Incinerators,  at  $170  000  ea. 

30 

340  000 

0.4789x10“ 

1976 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

280 

4 

Satellite  vehicles,  2-yd3,  at  $2506  ea. 

5 

10  000 

4 , 

Gravity  chute  systems  at  $350/floor  plus  $350 

Pour  12- story  systeas 

40 

18  200 

1 

Packer  truck,  40-jd3 

5 

35  000 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 

6 000 

4 

Coapactor  containers,  10-yd=»,  at  $6000  ea. 

5 

24  000 

2 

Incinerators  at  $170  000 

30 

340  000 

.4335 

1977 

3 

Pushcarts,  1-yd*,  at  $140  ea. 

5 

420 

8 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

20  000 

B, 

Gravity  chute  systeas  at  $350/floot  plus  $350 

Seven  12-story  systeas 

40 

31  850 

One  22-story  systen 

40 

8 050 

2 

Packer  trucks,  40-yd^,  at  $35  000  ea. 

7 

70  000 

13 

Blue  Boxes,  10- yd^,  at  $600  ea. 

5 

7 800 

1 

Coapactor  container,  40-yd’ 

5 

7 500 

7 

Coapactor  containers,  lO-yd^,  at  $6000  ea. 

5 

42  000 

2 

Incinerators  at  $170  OOO  ea. 

30 

340  000 

.5276 

1978 

1 

Pushcart,  1-yd3 

5 

140 

4 

Satellite  vehicles,  2-yda,  at  $2500  ea. 

5 

10  000 

4 

Gravity  chute  systeas  at  S350/floor  plus  $350 

Pour  l2“Story  systeas 

40 

18  200 

1 

Packer  truck,  40-yd® 

7 

35  000 

S 

Blue  Boxes,  10-yd^r  at  $600  ea. 

5 

5 400 

B 

Coapactor  containers,  10-yd>,  at  $6000  ea. 

5 

48  000 

1 

Truck  for  coapactor  container  hauling 

7 

3 500 

1 

Scraper 

8 

12  000 

1 

Dragline 

8 

20  000 

1 

Hater  truck 

8 

4 500 

2 

incinerators,  at  $170  000  ea. 

30 

' 

340  000 

.4967 

*A  salvage  value  of  10  percent  □£  the  Initial  cost  of  all  egnipaent  with  a useful  life  of  leas  than 
20  years  was  assunei.  Beplacenent  costs  of  this  eguipient  are  not  reflected  ih  this  table  but  are 
reflected  in  the  outputs  froa  the  discounted  cash  analysis  prograa. 


TUBLB  E-63.-  Continued 


td 

I 

U1 


Tear 

Quantity 

Description 

Useful 
life,  yr 
(1) 

Hajor  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  S 

1979 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

280 

. 0 

satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

10  000 

2 

Gravity  chute  systems  at  S350/£loor  plus  $350 

Two  12-story  systems 

40 

9 100 

1 

Packet  truck,  40-yd3 

7 

35  000 

1 

Blue  Box,  l0-yd3 

5 

600 

2 

Compactor  containers,  lC-yd^,  at  $6000  ea. 

5 

12  000 

1 

Incinerator 

30 

170  000 

0.2370X100 

1990 

2 

Pushcarts,  l-yd'^,  at  $140  ea. 

5 

280 

4 

Satellite  vehicles,  2-yd5,  at  $2500  ea. 

5 

10  000 

S 

Gravity  chute  systems  at  $350/floor  plus  $350 

Five  12-story  systems 

40 

22  750 

1 

Packer  truck,  kO-yd^ 

7 

35  000 

16 

Blue  Boxes,  10-yd®,  at  $600  ea. 

5 

9 600 

2 

Compactor  containers,  hO-yd^,  at  $7500  ea. 

5 

15  000 

4 

Compactor  containers,  lO-yd^,  at  $6000  ea. 

5 

24  000 

1 

Truck  for  compactor  container  hauling 

7 

3 500 

2 

Incinerators,  at  $170  000  each 

30 

340  000 

.4601 

19B1 

1 

Pushcart,  l-yd^ 

5 

140 

8 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 

5 

20  000 

3 

Gravity  chute  systems  at  S350/flaor  plus  5350 

Three  12-story  systems 

40 

13  650 

1 

Packer  truck,  40-yd3 

7 

35  000 

9 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 

5 400 

3 

Compactor  containers,  10-yd’,  at  $6000  ea. 

5 

18  000 

1 

Incinerator 

3Q 

170  000 

.2622 

19B2 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

2B0 

3 

Gravity  chute  systems  at  $350/floor  plus  $350 

Two  12-story  systems 

40 

9 100 

One  22-story  system 

40 

B 0 50 

1 

Packer  truck,  ho-yd^ 

7 

35  OOO 

1 

Blue  Box,  10-yd^ 

5 

600 

5 

Compactor  containers,  10-yd®,  at  $6000  ea. 

5 

30  COO 

2 

Incinerators,  at  $170  000 

30 

34C  000 

.4230 

1983 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

260 

4 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 

5 

1C  000 

5 

Gravity  chute  systems  at  $350/floor  plus  $350 

Five  12“Story  systems  * 

40 

22  750 

1 

Packer  truck,  40-yd3 

7 

35  000 

13 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 

7 800 

1 

Compactor  container,  UO-yd® 



5 

7 500 

salvage  value  o£  10  pencent  o£  the  initial  cost  o£  all  egulpnent  vith  a nsefnl  lite  ot  less  than 
20  years  was  assuned,  Beplaceeent  costs  of  this  equipment  are  not  reflected  in  this  tatle  but  die 
reflected  in  the  outputs  from  the  discounted  cash  analysis  program. 
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ISBLE  E-63.-  Continued 


fear 

Quantity 

Description 

Dseful 
life,  yr 
(1) 

Hajor  coaponent 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

9 

Coapactor  containers,  lO-yd^,  at  $6000  ea. 

5 

54  000 

1 

Xruck  for  conpactor  container  hauling 

7 

3 500 

4 

Incinerators,  at  $170  000  ea. 

30 

680  000 

0.8200r10» 

19B4 

1 

Pushcart,  1-yd* 

5 

140 

4 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

10  000 

5 

Gravity  chute  systess  at  $350/floor  plus  $350 

one  22-story  systen 

40 

S 050 

Four  12- story  systens 

40 

18  200 

1 

Packer  truck,  40-ya^ 

7 

35  000 

9 

Blue  Bores,  10-yd^,  at  $600  ea. 

5 

S 400 

5 

Conpactor  containers,  10-yd^,  at  $6000  ea. 

5 

3C  000 

1 

Front-end  loader,  40 -yd 3 

7 

35  000 

1 

Tractor  crawler 

6 

8 OOO 

1 

Incinerator 

30 

170  000 

.3198 

1965 

2 

Pushcarts,  1-yd^,  at  $140  ea. 

5 

280 

4 

Satellite  vehicles,  2-yds,  at  $2500  ea. 

5 

10  000 

1 

Gravity  chute  systen  at  $350/lloor  plus  $350 

one" 12-story  systea 

40 

4 550 

1 

Packer  truck,  40 -yd^ 

5 

35  000 

1 

Blue  Bor,  lO-yd^ 

5 

600 

1 

conpactor  container,  lO-yd^ 

5 

6 000 

1 

Truck  for  conpactor  container  hauling 

7 

3 500 

1 

Incinerator 

30 

170  000 

,2299 

1986 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

5 

260 

4 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

10  000 

4 

Gravity  chute  systens  at  $350/floor  plus  $350 

Four  12- story  systens 

40 

18  200 

1 

Packer  truck,  40-yd3 

7 

35  OOO 

13 

Blue  Boxes,  10- yd?,  at  $600  ea. 

5 

7 800 

1 

Coapactor  container,  40-yd3 

5 

7 500 

4 

Conpactor  containers,  lO-yd^,  at  $6000  ea. 

5 

24  000 

2 

Incinerators,  at  $170  000  ea. 

30 

340  000 

.4428 

1987 

1 

Pushcart,  l-yd^ 

5 

140 

4 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

5 

10  000 

3 

Gravity  chute  systens  at  $350/£loor  plus  $350 

Three  12- story  systens 

40 

13  650 

1 

Packer  truck,  40-yd3 

7 

35  000 

9 

Blue  Boxes,  lO-yd®,  at  $600  ea. 

5 

5 400 

3 

Conpactor  containers,  10-ydv,  at  $6000  ea. 

5 

18  000 

1 

Incinerator 

30 

170  000 

.2522 

1988 

2 

pushcarts,  1-yd3,  at  $140  ea. 

5 

280 

salvage  value  of  10  percent  of  the.  initial  cost  of  all  eqaipnent  uith  a nsefnl  life  of  less  than 
20  years  vas  assuned.  Beplaceaent  costs  of  this  eguipnent  are  reflected  in  this  table  but  are 
reflected  in  the  outputs  fro*  the  discounted  cash  analysis  progran. 
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Tear 

Quantity 

Description 

Oseful 
life,  yr 
<1) 

Major  component 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  $ 

n 

Satellite  vehicles,  2-yd3,  at  S2500  ea. 

5 

10  000 

1 

Gravity  chute  system  at  $350/floor  plus  $350 

One  12-story  system 

40 

4 550 

1 

Packer  truck,  UO-yd^ 

35  000 

1 

Blue  Box,  10-yd3 

600 

Compactor  containers,  lO-yd^,  at  $6000  ea. 

?C  000 

Truck  for  compactor  container  hauling 

3 500 

Incinerators,  at  $170  000  ea. 

510  000 

0,5939x106 

1969 

Pushcarts,  1-yd3,  at  $140  ea. 

280 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

10  000 

Gravity  chute  systems  at  S350/£loor  plus  $350 

Four  12-story  systems 

40 

18  200 

Packer  truck,  BO-yd^ 

35  000 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

7 800 

Compactor  container,  40-yd3 

7 500 

Compactor  containers  lO-yds,  at  $6000  ea. 

2B  000 

2 

Incinerators,  at  $170  000 

30 

340  000 

.4428 

1990 

1 

Pushcart,  1-yd’ 

140 

4 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

ID  000 

4 

Gravity  chute  systems  at  $3 50/floor  plus  $350 

Four  12-story  systems 

16  200 

1 

Packer  truck 

35  000 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

5 400 

Compactor  containers,  lO-yd^,  at  $6000  ea. 

24  000 

Incinerator 

170  000 

.2627 

1991 

Pushcarts,  l-yd^,  at  $140  ea. 

260 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 

10  000 

1 

Gravity  chute  system  at  $350/floor  plus  $350 

One  12-story  system 

40 

4 550 

1 

Packer  truck,  40-yd3 

35  000 

1 

Blue  Box,  10-yd^ 

600 

4 

Compactor  containers,  lO-yd^,  at  $6000  ea. 

24  000 

1 

Truck  for  compactor  container  hauling 

35  000 

1 

Incinerator 

170  000 

.2794 

1992 

2 

Pushcarts,  l-yd^,  at  $140  ea. 

280 

8 

Satellite  vehicles,  2-yd^,  at  $2500  ea. 

20  000 

7 

Gravity  chute  systems  at  $3S0/floor  plus  $350 

One  22-story  system 

40 

8 050 

six  12-story  systems 

40 

27  300 

2 

Packer  trucks,  40-yd’,  at  $35  000  ea. 

7 

7 0 000 

13 

Blue  Boxes,  lO-yd®,  at  $600  ea. 

5 

7 800 

1 

Compactor  container,  40-ydm 

5 

7 500 

»A  salvage  value  of  10  percent  of  the  initial  cost  of  all  eguipment  with  a useful  life  of  less  than 
20  years  was  assuaed.  Replacement  costs  of  this  equipment  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  from  the  discounted  cash  analysis  program. 
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TABLE  E-63.-  COBcludea 


Tear’  ] Quantity 


Description 


Compactor  containers,  10-yd^,  at  $6000  ea. 
Incinerators,  at  $170  000  ea. 

Eusbcarts,  l-yd^,  at  SIBO  ea. 

Satellite  vehicles,  E-yd^,  at  $2500  ea. 
Gravity  chute  systems  at  $350/£loor  plus  $350 
Three  12-story  systems 
Packer  truck,  hO-yd^ 

Blue  Boxes,  lO-yd^,  at  $600  ea. 

Compactor  containers,  Ifl-yd^,  at  $6000  ea. 
Truck  for  compactor  container  hauling 
Incinerator 

Pushcarts,  l-yd3,  at  SlhO  ea. 

Satellite  vehicles,  2-yd3,  at  $2500  ea. 
Gravity  chute  systems  at  $350/£loor  plus  $350 
Three  12-story  systems 
Packer  truck,  ftO-yd^ 

Blue  Box,  10-yd5 

Compactor  containers,  10-ydm,  at  $6000  ea. 
Incinerator 


Useful 
life,  yr 
(1> 


Ha;}or  component 
capital  cost,  1973  $ 


18  000 
510  000 

280 
10  000 

13  650 
35  000 
6 000 
29  OOO 
3 500 
170  000 

280 
10  000 

13  650 
35  000 
600 
12  000 
170  000 


Total  capital 
cost,  1973  $ 


0.6689x10* 


tk  salvage  value  of  10  percent  of  the  Initial  cost  of  all  egnipment  vith  a useful  life  of  less  than 
20  years  uas  assumed.  Eeplacenent  costs  of  this  eguipment  are  not  reflected  in  this  table  but  are 
reflected  in  the  outputs  froa  the  discounted  cash  analysis  program. 


TABLE  E-64.-  MIUS  OPTION  I CONTROLS  SUBSYSTEM  COSTS 

(DCF  PROGRAM  OUTPUT) 


FUEL 

COST  IS  102  tCO  CENTS  FF 

*.  KDTU>  '.ilTH  ESCALATION 

IvATlO  0. 

050 

ELECT 

iilCiTY  i.ATE 

IS  a.f;1758  DOLLAhS  PEL 

KWH 

THIS 

r-UN  FADE  11/ 

5/73 

D.  C. 

F.  ■ A.VALYSI 

S FOh 

MUS 

CONTROLS  SYSTED'>  OPTION 

I - 6/8/73 

COS 

T FLOW  TAfcLE 

(ALL  COSTS  IN  5 N 

loE6) 

l.WESIFEXI 

FAINIENANCS 

OPEi.AT  IONS 

TOTAL 

PfiESENT  CUMULATIVE 

YEAh 

COST 

COST 

COST 

COST 

VALUE 

P . V 

.COST 

1975 

1 .776 

0 .215 

0.000 

1 .993 

1 .965 

• 1 .965 

i 976 

0*409 

0.256 

0.000 

0.665 

0.549 

. 

2.514 

1 977 

1.605 

0.443 

0 *000 

2.048 

1.505. 

4.019 

1 978 

0 oOGO 

0.457 

0 .000 

8.457 

0.261 

4.281 

1 979 

'J  .006 

0.470 

0.000 

0.470 

0.234 

4*514 

1 960 

1 .754 

0.661 

0.000 

2.435 

I .166 

5.661 

1 961 

*i  . «j  C 0 

0 « 1 

0 .LOU 

0.701 

8.264 

5.944 

1 9 a 

j.i-.r'O 

fi.7aa 

G.f 

C.7S2 

0.236 

6.131 

19d3 

2.41  9 

i . V u S 1 

0 .0  JO 

3.420  , 

1.075 

7.256 

1 9i;A 

\)  .lyi’0 

1 .6  31 

0 .si'll 

1 .031 

0.2bb 

7.511 

1965 

. I'i  tt 

i .06E 

l)  mi)  ii  0 

1 .062 

0*226 

7.739 

1 966 

2 y4 

1 .326 

0 . 0 0 ir) 

3.422 

■ 0.696 

6.437 

1 987 

€••  ««4  •/ 

1 .366 

0 . 0 iuO 

1 .366 

0.222 

8.659 

i 966 

0.5.i3 

1 .45*> 

0 *000 

2.041 

0.301 

6.960 

i V(J9 

2.2t6 

1 .756 

Q .CuO 

4.046 

0.539 

9.SO0 

1 99  I 

1 .311 

0 .OOr' 

1 .81  1 

0.193 

9.693 

1 ';51 

0 •V/i.'iJ 

1 .865 

0.000 

1.665 

0.173 

9.66  6 

I 99fc 

s.5‘  : 

!r  .6‘1 

0.O0O 

4.701 

0.410 

10.277 

1 993 

C'.CGC 

2.267 

0.000 

2.267 

0.159 

10.436 

1 994 

9.335 

0 .0(j0 

2.335 

0.143 

10.579 

CO£T  TOiALb  FOi.  IHF.  20  VEAh  PEi.IOD  FKOK  1975  TO  199A 

1973  Pi.lCES  ESCALATED  ruICES  ESCALATED  Ft-.ICES 
NON-DISCGUNiED  N‘ON-DIbCOUtVI  ED  ' DISCOCXTED  TO  1975 


CAT  UAL  ECU  IP. 

1 1 .354 

15.430 

6.110 

LESS  hFSID.  VALUE 

1 1 .354 

15.893 

0.971 

NET  CAPITAL  COSTS 

0.000 

"0  .46-3 

5.139 

COSTS  FOi.  FUS'L 

0.000 

0.000 

0.000 

OThEii  Op.  costs 

0 .000 

0.000 

0 .000 

MAINIFXANCE  COSIS 

14 .864 

23.429 

4.460 

TOTAL  COSTS 

14.864 

22.966 

9.687 

• 

• 
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TABLE  E“-65,-  MIUS  OPTION  I CONTROLS  SUBSYSTEM  (INPUTS  TO  THE 


DCF  PROGRAM) 


CAPITAL 

FUEL 

YF.AR 

*“  6 

t 1 973  S X 1 0 I 

(BTU  X 10 

1 V75 

— j— 

1 -67613 

• OD 

17/0 

* 3 7 4 □ 

*00 

1777 

1770 

li4260 

.00 

• 0000 

. 0 3 

1979 
1 900 

.0000 

.00 

1.4260  

.00 

1 9B  1 

-0000 

>00 

lyriP. 

. OODd 

*00 

17  0 3 

l.OQOO 

■ .on 

1904 

• onno 

.00 

1 905 

• OOnn 

. no 

1 7 0 A 

1.4260 

.00 

1907 

- nnoo 

.on 

1 70  8 

• 3 7 4 1) 

. LIQ 

17  09 

U4260 

* on 

1790 

.nnno 

■.DO 

1971 

-nono 

.00 

i 992 

1-426Q 

.00-’ 

I 993 

.nnno 

*0G 

9TT“ 

.0000 

.00 

OTT  Hr  a'I'TD^  ft 

including  labor 

“6  -6 


X 10 
. ono 

) ' ( 1973  $ X 10  ) 

. 1970 

.tinn 

.227B 

.000 

. 3825 

.ono  ' 

‘ , 3825  

.ono 

.3825 

".000  ' 

. 3 37  5 

. one 

.5375 

. otio 

.5375 

.000 

.7230 

- non 

. 7 230  

_ .onn 

.7230 

. nno 

..  .8780  ■“ 

* onn 

.0780 

• n’oo 

. 7083 

• 000 

I .0635 

* ono 

1 . 3635  

• ono 

• 1.0635 

• 00  0 

1,2185 

• 000 
- n rt  n 

■1.2185 

TABLE  E-66.-"  MIUS  OPTION  I BUILDING  COSTS  (DCF  PROGRAM  OUTPUT) 


FUEL  COST  IE  IkJfi.iia  CENiIi  fS.L  XLTU*  VHTh  ELCALATIOM  t-.ATIO  £ 
ELECThICliY  J.AIE  IS  0.2-1758  DOLLARS  rE..  KWH 
this  KUN  F-ADE  11/  5/7  3 

D.  C.  F . A!s:AIVSIL  FOL 

KlUS  BUILDINGS^  OF’ilOX  I - 8/8/73  ‘ 

COST  FLOv;  TABLE 
CALL  COSTS  IN'  1 >.  13E6) 


INUESTF'ENT  1 

yAlN'TEN’AXCE  O^-ELAT  iOXS 

TOTAL 

PEE SENT  1 

CUF.ULAi  IVE 

YEAL 

COST 

COST 

COST 

COST 

VALUE 

P.V.COSi 

1975 

0.376 

0.006 

3 .OOU 

0 . 534 

0.383 

0*333 

1976 

.020 

0 .008 

v)  .000 

0 *008 

0 a OC  6 

0 . 3 8 9 

1577 

1.173 

0.0  32 

0.000 

1 .£06 

0 .908 

1.297 

197  8 

2 *200 

L/  ■ 

a ® 0 s t> 

a .033 

0.019 

1.316 

1979 

0 .3  34 

0 

0 -I- 2-^! 

0.0  17 

1 .333 

198K 

0.436 

0 .044 

y . i.‘  ii  u 

0.430 

0.236 

1 .569 

19rii 

0 .!;0S 

2.046 

0 .000 

0 .046 

0.017 

1 .586 

i 9i*£ 

;i  .000 

0 .047 

0 * oso 

£•  .047 

0.015 

1 * 60  3 

I9t^5 

tj  .476 

0.0  58 

0 . irV  0 0 

0.524 

0.172 

1 .774 

19 1 4 

0 .’fj/'O 

ri  1 , 1 >* 

•Cf  •iJVJct 

0*0  60 

0.015 

1 .789 

15b5 

Z .000 

0 .062 

0 * o'  0 0 

0.0  62 

0.013 

1.802 

1956 

i'j.520 

a .0  74 

0 . O ' J u 

0.595 

0.126 

1 .928 

1587 

0*  .020 

■a  .077 

O.COi^ 

6.077 

0.012 

1*940 

19&H 

0 *003 

0 .379 

0 .Os..; 

0.079 

0.011 

1 .951 

1989 

0 .569 

0 .093 

O.O0J 

0 .662 

0.092 

£.043 

1993 

0 .000 

0.0  96 

0.230 

0 .096 

0 • 0 1 kJ 

£.053 

1991 

ij  .000 

0.099" 

0 .030 

0.095 

-0  *0s9 

2.0  6-3 

1552 

3.621 

0.115 

0 .ORO 

0.736 

0.067 

£ * 1 wO 

1593 

0 . J 0 0 

0.113 

0.000 

0.113 

0 .003 

£.138 

1994 

0 .300 

0.121 

0 *030 

0.121 

0.007 

2.145 

COST  TOTALS  ?0i.  THE  20 

YEAj.  PEnlOD  Fi.OV. 

1975  TO 

1994 

1973  Pi. ICES 

ESCALATED  PiilCE 

S ESCALA 

lED  PLICES 

KON’-DISCOUN'TED  XOM 

-DiSCCUMTED 

DISCOUXiED  TO  1975 

CAPITAL  ECUIr. 

3.1  66 

4.171 

1 .885 

LESS  i.ESiru  VALUE 

1 .775 

£.551 

0.156 

MET  CAPITAL  COSTS 

' 1.393 

1 .621 

1 .725 

COSTS 

FOi.  FUEL 

0 >000 

0.00tO 

0 .000 

0 THEi* 

OP  . COS  i's 

O.OflO 

0 * 000 

0 .00  0 

J'AIMIEKAKCE  COSTS 

0 *336 

1 .304 

0.260 

TOTAL 

COSTS 

2-S29 

£.925 

1 .939 

ORIGINAL  PAGE  IS 
.iOE  POOR  QUALITY 
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T&BLE  B-67.-  aiUS  OPTIOH  1 EQOIPHEHT  BOILDIHG  COSTS 
(INPUTS  TO  DCF  PBOGB&H) 


Year 

Description 

Capital  cost, 
1973  $ 

Total 
cost, 
1973  $ 

Haintenance 
cost, 
1973  $ 

1975 

Village  center 
Three  neighborhoods 

145  362 
208  983 

0.3543x106 

0.0071x106 

1976 

.0071 

1977 

Town  center 
Village  center 
Three  neighborhoods 
Central  plant 

338  809 
145  362 
208  983 
349  240 

1.042 

. 0279 

1978 

.0279 

1979 

.0279 

1980 

Village  center 
Three  neighborhoods 

145  362 
208  983 

.3543 

.0350 

1981 

.0350 

1982 

.0350 

1983 

Village  center 
Three  neighborhoods 

145  362 
208  983 

.3543 

.0421 

1984 

.0421 

1985 

. 

,0421 

1986 

Village  center 
Three  neighborhoods 

145  362 
208  983 

.3543 

.0492 

1987 

. 0492 

1988 

.0492 

1989 

Village  center 
Three  neighborhoods 

145  362 
208  9B3 

.3543 

.0563 

1990 

.0563 

1991 

.0563 

1992 

Village  center 
Three  neighborhoods 

145  362 
208  983 

.3543 

. 0634 

1993 

.0634 

1994 

1 

.0634 

f 


TABLE  E-68.-  MIUS  OPTION  I TRENCHING  COSTS  (DCF  PROGRAM  OUTPUT) 


FUEL 

COST  .IS  102. 

00  CENTS  FEt>  KLTU»  TITH 

ESCALATION  xiATIO  0.0  53 

ELECTi-llCITY  KATE  I 

S 0.0 1758  DOLLAKS  PEh  K 

v;h 

THIS 

KUN  KADE  .11/ 

5/73 

D.  C 

. F.  ANALYSIS 

F OK 

KIUS 

UTILITY  TKENCHIKC#  OFTIO>:  I 

- 8/2A/7 

3 

■ 

COST  FLOU  TALLE 

<ALL  COSTS 

IM  S 7.  1 

0E6) 

IWVESTMEKT  KAINTENAXCE  OFEKATIONS 

total 

FKESENT  CUXULATIUE 

YSAK 

COST 

COST 

COST 

-COST 

VALUE  P.V.COST 

1975 

1 .097 

0 .000 

0.000 

1 .097 

1.097  1.C97 

1 976 

0.323 

0 .000 

L .003 

0.323 

0.261  1.37b 

1977 

1 .530 

' 0 .080 

0 *800 

1 .333 

1.006  2.384 

1 97  B 

0.172 

0^.£03 

0.000 

0.172 

B.113  2.497 

1 979 

0.177 

0 .080 

0 .080  ' 

3.177 

0.101  2.596 

1 930 

1 .393 

0.000 

S.000 

1.395  ‘ 

0.693  3.291 

1 9.J1 

0.1S7 

0 .000 

0.000 

0.187 

0.081  ' 5.572 

1 9aa 

0.321 

0.000 

9 . 0 OU 

0.321 

0.121  3.493 

1933 

1 . s23 

Lr  • tv  3 

0.000 

1 .523 

0.498  3.99D 

19BA 

U .2S5 

0 .880 

0.000 

0.205 

0.058  4.049 

1 935 

2.211 

*000 

0 .008 

0.211 

0.052  4.101 

1936 

1 .66A 

0 .03 0 

0.080 

1 .669 

0.358  . 4.456 

19S7 

0.S2A 

8 .000 

O.OSO 

0 .224 

0.042  4.500 

1 536 

0 .363 

0.000 

0.008 

0.383 

0.062  4.562 

1 SB9 

1 .318 

0.080 

0*0  C0 

1 .818 

0.257  4.619 

1 99U 

0.2A5 

0 .000 

3 .000 

0.2A5 

0.03C  4.849 

1 99  1 

0.252 

0 *000 

0.000 

0 .252 

0.027  4.676 

1990 

2 .073 

6 .000 

0.380 

2.C73 

0*193  S.069 

1593 

3.35H 

0.000 

0.300 

0.356 

0.029  5.U96 

199A 

0 .363 

0 .000 

0 *000 

0.36S 

0.026  5.124 

COST  TOTALS  FOK  THE  20 

YEAK  PET. 

lOD  FhOE 

1975  TO  1994 

1973  FKICES 

ESCALATED  Fi.ICE 

b ESCALAiED  FKICES 

NON-DISCOUNTED  NON- 

discounted 

DISCOUNTED  10  197 

CAPITAL  Ev^UIF. 

10.293 

1A.32A 

5.124 

LE55 

KE  S I D . VALUE 

1 0 .298 

14.753 

0.901 

KET 

CAPITAL  COiTS 

0 *808 

-0.430 

4.222 

COSTS  FOK  FUEL 

0 .000 

0.000 

0.000 

OTHEi-  OP.  COSTS 

3.000 

0 .000 

0 .000 

lyAIKTEKA^CE  .COSXS 

3.000 

0.000 

0 .0*00 

TOTAL  COSTS 

8 .000 

-0.430 

4.222 
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T&BLE  E-69.-  HinS  OPTIOH  X OTILITX  XREHCHIH6  COSTS  (iHHO&L  cmiAL  OOTL&7S} 


Year 

DescriptioQ 

Major  component 
capital  cost, 
1973  S 

Total 

capital  cost, 
1973  f 

1975 

Village  A; 

Village  center 

Haste Hater 

89  987 

Common  utility 

20  425 

Neighborhoods  A-1,  A-2,  and  A-3  subaains 

Hastevater 

568  128 

Common  utility 

157  320 

Neighborhoods  A-1,  A-2,  and  A-3  laterals 

One-third  of  Hastesater 

123  452 

one-third  of  common  utility 

74  520 

1.034x10* 

1976 

Village  Aj 

Neighborhoods  A-1,  A-2,  and  A-3  laterals 

One-third  of  wasteHater 

123  452 

One-third  of  common  utility 

74  520 

Town  center  mains: 

Hastewater 

75  998 

Common  utility 

21  642 

.2956 

1977 

Village  At 

Neighborhoods  A-1,  A-2,  and  A-3  laterals 

One-third  of  wastewater 

123  452 

One-third  of  common  utility 

74  520 

Village  B: 

Village  center 

110  403 

(same  as  village  A center) 

Neighborhoods  B-1,  B-2,  and  B-3  submains 

725  448 

(same  as  neighborhood  submains  in 

village  A) 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

One-fourth  of  wastewater 

92  589 

One-fourth  of  common  utility 

55  890 

1.182 

1978 

Village  B; 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

One-fourth  of  wastewater 

92  589 

one-fourth  of  common  utility 

55  89  0 

.1405 

1979 

Village  B: 

Neighborhoods  H-1,  b-2,  and  B-3  laterals 

one-fourth  of  wastewater 

92  589 

one-fourth  of  common  utility 

55  890 

.1485 

1980 

Village  B; 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

One-fourth  of  wastewater 

92  589 

one-fourth  of  common  utility 

55  B90 

Village  C: 

Village  center 

110  403 

(same  as  village  A center) 

Neighborhoods  C-1,  C-2,  and  C-3  submains 

725  448 

(same  as  neighborhood  submains 

in  village  A) 

TABLE  B-69.-  Continued 


Year 

Description 

Major  component 
capital  cost, 
1973  S 

Total 

capital  cost, 
1973  S 

one-fourth  of  neighborhoods  c-1,  c-2,  and 
C'3  laterals  (same  as  neighborhood 
laterals  in  village  B) 

IftB  476 

1.133X10& 

1901 

Village  C: 

one-fourth  of  neigh'- orhoods  C-1,  C-2,  and 
c-3  laterals 

148  479 

.1465 

1982 

Village  c: 

One-fourth  of  neighborhoods  C-1,  C-2,  and 
C-3  laterals 
Town  center  mains 
Wastewater 
Common  utility 

148  479 

75  998 
21  642 

.2461 

1983 

Village  C; 

One-fourth  of  neighborhoods  c-1,  C-2,  and 
C-3  laterals 
Village  D; 

Village  center 

(same  as  village  h center) 

Neighborhoods  D-1,  D-2,  and  D-3  submains 
(same  as  neighborhood  submains  in 
village  A) 

Neighborhoods  D-1,  D-2,  and  D-3  laterals 
(same  as  neighborhood  laterals  in 
village  B) 

143  479 

110  403 
725  448 

148  479 

1.133 

190ft 

Village  D: 

One-fourth  of  neighborhoods  D-1,  D-2,  and 
d-3  laterals 

148  479 

.1485 

1985 

Village  D: 

One-fourth  of  neighborhoods  D-1,  D-2,  and 
D-3  laterals 

148  479 

.1485 

1986 

Village  D: 

one-fourth  of  neighborhoods  D-1,  D-2,  and 
D-3  laterals 
Village  B: 

Village  center 

(same  as  village  A center) 

Neighborhoods  s-1,  E-2,  and  E-3  submains 
(same  as  neighborhood  submains 
in  village  A) 

Neighborhoods  E-1,  B-2,  and  E-3  laterals 
{same  as  neighborhood  laterals 
in  village  B) 

148  479 

110  403 
725  448 

148  479 

1.133 

1987 

village  E: 

One-fourth  of  neighborhoods  E-1,  E-2,  and 
B-3  laterals 

148  479 

.1485 
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TaSLE  E-69*-  Concluded 


Year 

Description 

Hajor  component 

Total 

capital  cost. 

Capital  cost, 

1973  $ 

1973  $ 

1988 

7illage  E: 

One-fourth  of  neighborhoods  E-1,  E-2,  and 
B-3  laterals 
Town  center  mains 

148  479 

Wastewater 

75  990 

Common  utility 

21  642 

0.2461x106 

1989 

Village  E: 

One-fourth  of  neighborhoods  E-1,  E-2,  and 

148  479 

B-3  laterals 

Village  F: 

Village  center 

110  403 

(same  as  village  A center) 
neighborhoods  ?-1,  F-2,  and  F-3  submains 

725  448 

1.017 

(same  as  neighborhood  submains  in 
village  A) 

Neighborhoods  P-1,  F-2,  and  F-3  laterals 

148  479 

1.133 

(same  as  neighborhood  laterals  in 
village  B) 

1990 

Village  F: 

One-fourth  of  neighborhoods  F-1,  F-2,  and 

148  479 

.1405 

P-3  laterals 

1991 

Village  P: 

One-fourth  of  neighborhoods  F-1,  F-2,  and 

148  479 

.1465 

F-3  laterals 

1992 

Village  F: 

One-fourth  of  neighborhoods  F-1,  F-2,  and 

148  479 

F-3  laterals 

Village  G; 

Village  center 

110  403 

(same  as  village  k center) 
Neighborhoods  G-1,  G-2,  and  G-3  submains 

725  448 

(same  as  neighborhood  submains 
in  -village  A) 

Neighborhoods  G-1,  G-2,  and  g-3  laterals 

197  972 

1.102 

(same  as  neighborhood  laterals  in 
village  A) 

1993 

Village  G: 

One-third  of  neighborhoods  G-1,  G-2,  and 

197  972 

.1980 

G-3  laterals 

1994 

Village  G; 

One-third  of  neighborhoods  G-1,  G-2,  and 

197  972 

.1980 

G-3  laterals 

..... 

TABLE  E-70.-  ILLUSTERTIOH  OF  «ias  OPTIOK  I WASTEKATER  TREHCHIRG  COSTS 

[Baseline  collection  system] 


Hanhole  position  1 

Line 

Pipe 

Depth 

f ft 

Trench 

Total 

length,  ft 

diameter 

in. 

cost, 

$/ft 

trench 

From  - 

To  - 

St  art 

End 

cost,  $ 

Village  submains  | 

29 

30 

500 

15 

11.26 

12.74 

9.75 

4 875 

30 

31 

400 

15 

12.74 

13.92 

11,20 

4 ISO 

31 

32 

400 

15 

13.92 

15.10 

12.85 

5 140 

39 

40 

550 

15 

11.26 

12.88 

9.75 

5 362 

High  school 

32 

1500 

8 

6.0 

16.50 

8.85 

13  275 

32 

35 

450 

18 

16,50 

117.50 

17.10 

7 695 

35 

36 

450 

18 

17.50 

118.50 

18.35 

8 258 

36 

37 

200 

18 

18.50 

116.97 

18.65 

3 730 

37 

40 

550 

24 

18.97 

219.85 

19.00 

10  450 

Total 

63  265 

Other  laterals  | 

Elementary 

13 

900 

e 

6 

12.3 

6.55 

5 895 

school 

Townhouse 

n 

550 

8 

6 

9.  85 

5.50 

3 025 

Townhouse 

11 

6 50 

8 

6 

10.  55 

6.10 

3 965 

Townhouse 

Hain 

100 

8 

6 

6.7 

4.40 

2 640 

Townhouse 

12 

100 

8 

6 

6.7 

4.40 

440 

Townhouse 

14 

100 

8 

6 

6.7 

4.40 

440 

Townhouse 

12 

200 

8 

6 

7.4 

4.60 

920 

Townhouse 

14 

200 

8 

6 

7.4 

4.  60 

920 

Garden 

28 

550 

8 

6 

9.85 

5.50 

3 025 

apartment 

Recreation 

High  rise 

750 

8 

6 

11.25 

6.40 

4 800 

center 

High  rise 

36 

850 

8 

11.25 

17.20 

12.30 

10  455 

Commercial 

35 

100 

8 

12 

12.70 

10.20 

1 020 

area 

Office 

31 

100 

8 

12 

12,70 

10,20 

1 020 

building 

Office 

Hain 

100 

0 

12 

12.70 

10.20 

1 020 

building 

Total 

39  585 

^Includes  5-foot  shored  trench  at  bottom, 

^Includes  5-foot  shored  trench  at  bottom  and  3 -inch  wiae  at  trench  bottom. 
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table  E-70.-  Concluded 


Manhole  position 


Total  subffiains 
Other  laterals 
Total 


Line 

Pipe 

length,  ft 

diameter 

in. 

Depth r ft 


Start 


Baseline  village  center 


Trench 

cost, 

s/ft 


HIOS  option  I additions  to  other  laterals 


MIOS  option  I subtractions  from  submarns 


29 

30 

31 
39 

32 

35 

36 

37 

Total 


Submains 
Other  laterals 
Total 


Village  center  net,  Mios  option  I 


Total 
trench 
cost,  S 


102  B50 


Office 

33 

400 

6 

12  .00 

14.  80 

10.40 

4 160 

building 

10.90 

6.20 

4 340 

34 

46 

700 

8 

6.0 

45 

46 

500 

8 

14,35 

17.85 

15.60 

7 800 

46 

47 

450 

12 

17.85 

119.50 

18. 15 

8 168 

47 

BIOS 

550 

12 

19.50 

122.00 

23.00 

12  650 

Total 

37  118 

4 

875 

4 

480 

5 

140 

5 

362- 

7 

695 

B 

258 

3 

730 

10 

450 

1 

990 

13  275 
76  703 
89  978 


^Includes  5-foot  shoring  at  bottom. 
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TABLE  E-71.”  HIOS  OPTIOH  II  VILLAGE  COMPLEX 


COST  SUHMAHY 


' 

Subsystem 

Capital  cost, 
1973  $ 

Electrical  power: 

Generators  and  equipment 

6 218  200 

Distribution 

1 938  870 

General  plant 

33  030 

Fuel  distribution  system 

58  150 

Total 

8 248  250 

Hater  supply^ : 

Potable  water  supply  piping 

571  936 

Fire  water  supply  piping 

651  269 

Hater  pond 

22  280 

Potable  water  pumps 

8 320 

Fire  water  pumps 

12  504 

neighborhood  development 

257  520 

Treatment  plant 

517  000 

Total 

2 040  829 

Hot  water: 

Single-family-dwelling  hot- 

421  000 

water  tanks 

Townhouse  hot-water  tanks 

116  640 

Garden  apartment  hpt-water  tanks 

34  992 

Elementary  school 

3 7il 

Middle  school 

1 393 

High  school 

1 393 

Village  high-rise  apartment 

8 358 

Village  office  buildings 

2 786 

Recreation  center 

1 237 

Village  shopping  center 

450 

Total 

591  960 

Wastewater : 

Lift  stations 

240  000 

HIDS  lift  station 

50  000 

Wastewater  piping 

269  229 

Manholes 

81  200 

Neighborhood  development 

218  300 

Treatment  plant 

2 257  000 

Total 

3 115  729 

iDoes  not  include  costs  of  source  supply 
materials  and  equipment. 
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TABLE  E-71. “Continued 


Subsystem 

Capital  cost, 
1973  $ 

HVAC: 

Single-f amily-dvelling  heat  pumps 

3 294  060 

Townhouse  fan  coil  units 

272  160 

Garden  apartment  fan  coil  units 

216  756 

Elementary  school  fan  coil  units 

18  750 

Middle  school  fan  coil  units 

21  186 

High  school  fan  coil  units 

21  186 

Village  high-rise  apartment  fan 

164  976 

coil  units 

Village  office  buildings  fan 

87  912 

coil  units 

Recreation  center  fan  coil  unit 

14  853 

Village  shopping  center  fan 

29  114 

coil  unit 

Absorption  chillers 

328  800 

Compression  chillers 

243  620 

Cooling  pond 

192  000 

Chilled-water  pumps 

81  020 

Hot-water  pumps  (high-grade) 

25  540 

Haste  heat  pumps  (low-grade) 

29  000 

Pipe: 

20  in . 

495  000 

16  in. 

36  600 

14  in. 

24  150 

12  in. 

915  632 

10  in.  ' 

729  178 

8 in. 

422  550 

6 in. 

161  568 

5 in. 

162  108 

4 in. 

52  562 

3-1/2  in. 

41  360 

3 in. 

47  863 

2-1/2  in. 

138  869 

2 in. 

39  697 

1-1/2  in. 

61  244 

1-1/4  in. 

25  110 

Total 

8 394  424 

Solid  waste: 

Incinerators 

1 020  000 

Satellite  collection  vehicles 

3 0 000 

Packer  trucks 

105  000 

Blue  collection  boxes 

13  200 

Compactor  container,  40  yd^ 

7 500 

E-170 


Subsystem 


Compactor  containers,  10  yd^ 
Steel-wheeled  compactor 
Tractor  crawler 
Front-end  loader 
Gravity  chute  systems 
Total 

Contrr»ls: 

MTUS  controls 

MIUS  building: 

Village  center  complex 

, Utility  trenching: 

Wastewater 
Common  utility 
Total 


Total 


Capital  cost, 
1973  $ 


48 

000 

8 

000 

8 

000 

35 

000 

36 

400 

1 

311 

100 

708 

000 

358 

218 

930 

619 

443 

568 

1 

374 

187 

25 

076 
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TABLE  B-72.~  MIUS  OPTION  II  ELECTRICAL  POWER  SUBSYSTEM  COSTS 


(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 

FUEL  COST  IS  lOS.OO  CENTS  PER  HBTU,'  WITH  ESCALATION  RATIO  0.050 
THIS  RUN  MADE  12/  3/73 

D.  c.  F.  Analysis  FOR 

MIUS  ELECTRIC^  POWER  - OPTION  II  C 12/3/73) 

COST  FLOW  TABLE 

call  COSTS  IN  $ X tOE6)‘  , 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.  V.  C0ST 

1975 

4'.  I'Sl  • 

0. 269 

0.  406 

4.826 

4.738 

4.  738 

1976 

3,321' 

0.  6li 

1.001 

4.932 

4.  106 

8.845 

1977 

5.768 

1.  122 

1.897 

8.  737 

6.347 

15.191 

1978 

5.  143 

1.663 

2.879 

9.  690 

5*982 

21.173 

1979 

3.  438 

1.967 

3.450 

8.855 

4.659 

25.832 

1980 

4.  300 

2.  454 

4.  441 

11.  195 

S.  119 

30.950 

1981 

2.  593 

2.807 

5.203 

10.602 

4.  132 

35.082 

1982 

3.781 

3.21  1 

6.  104 

13.  09  6 

4.  467 

39. 549  . 

1983 

6.  6^6 

3.998 

7.830 

18.463 

5.  531 

45.080 

1984 

3.971 

4.  530 

9.047 

17.  548 

4.485 

49. 565 

193  5 

3. 164. 

4.892 

9.946 

18.001  • 

3.971 

53. 537 

1986 

.6.  100 

5.  575 

I 1. 542 

23.217 

4.  511 

58.047 

1987 

3.09  6 

6.078 

12.846 

22. 020 

3.654 

61.701 

1988 

4.517 

6.  722 

14.492 

25.731 

3.732 

65.434 

1989 

6*  669 

7.  48  4 

16.421 

30. 574 

3.^80 

69 . 3 1 4 

199  0 

4.914 

8.163 

18.251 

31.328 

3.  427 

72. 741 

1991 

3.  582 

8.671 

19. 733 

31.986 

3.022 

75. 763 

1992 

S.9  13 

9.79  5 

22.744 

41. 452 

3.458 

79.221 

1993 

3.990 

10.537 

24.995 

39.  522 

2.819 

82.040 

1994 

5.  512 

11.29  5 . 

27.269 

44.076 

2.744 

84.783 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FR0M  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON -DISCO UN TED'  N0N- 

DISCOUNTED 

DISCOUNTED  T0  1975 

CAPITAL  EQUIP. 

66. 452 

93. 565 

31 . 603 

LESS 

RESID.  VALUE 

43.  749 

66. 507 

4.0  64 

NET  CAPITAL  COSTS 

22.  703 

27.057 

27. 539 

COSTS 

fOR  FUEL 

100. 328 

220.  49  7 

35. 545 

OTHER  COSTS 

0.  000 

0.000 

0.000 

MAINTENANCE  COSTS 

63. 648 

101.842 

17.635 

TOTAL 

COSTS 

186.  679 

349. 396 

80.720 

CUMULATIVE  SERVICE  DELIVERED 

JO. 

73830 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FR0M 

1975  T0 

1994 

19  73  PRICES 

ESCALATED  PRICES 

ESCAL.ATED  PRICES 

NON- DISCO  UN TED  NON- 

DISCOUNTED 

DISCOUNTED  T0  1975 

CAPITAL  EQUIP. 

6.  188 

8.713 

2.943 

LESS  : 

RESID.  VALUE 

.4.  074 

6.193 

0.  378 

NET  CAPITAL  COSTS 

2.  1 14 

2.  520 

2.565 

COSTS 

F0  R FUEL 

9.343 

20. 534 

3.310 

OTHER 

0P.  COSTS 

0.000 

.. 

0.000 

0.000 

MAINTENANCE  COSTS 

5.927 

9.  484 

1.642 

TOTAL 

COSTS 

17.384 

32.  537 

7.517 

E-172 


TABLE  E-72.-  Concluded 


(b)  Escalation  ratio  of  15  percent 


FUEL  C0ST  IS  102.00  CENTS  PER  MBTU*  WITH  ESCALATION  RATIO  0.  ISO 
THIS  RUN  MADE  12/  3/73 

D.  C.  F.  ANALYSIS  FOR 

MI  US  ELECTRICAL  POWER  - OPTION  II  (12/3/73) 


COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 


INVESTMENT 

MAINTENANCE 

OPERATIONS 

TOTAL 

PRESENT  CUMULATIVE 

YEAR 

COST 

COST 

COST 

Co  ST 

VALUE 

P.  V.COST 

1975 

4.  ISl 

0.  269 

0.  534 

4.954 

4.  849 

4.849 

1976 

3.321 

0.  611 

1. 440 

5.372 

4.438 

9.287 

1977 

5.  768 

1.  122 

2.989 

9.880 

7.065 

16.352 

19  78 

5.  148 

1. 663 

4.969 

11.780 

7.  177 

23.  529 

19  79 

3.  438 

1.967 

6.  523 

1 1.927 

6.  186 

29.715 

1980 

4.  300 

2.  454 

9.  195 

15,9  49 

7.  174 

36.889 

1981 

2.  59  3 

2.807 

11.798 

17.  198 

6.  611 

43. 501 

1982 

3.  78  1 

3.  21  1 

IS. 161 

22.152 

7.  427 

50.928 

1983 

6.  636 

3.998 

21.298 

31.931 

9.360 

60.288 

1984 

3.971 

4.  530 

26.9  53 

35.454 

8.911 

69. 199 

1985 

3.  164 

4.892 

32.  452 

40. SOB 

8.809 

78.008 

1986 

6.  100 

5.  575 

41.246 

52.922 

10.063 

88*070 

198  7 

3.096 

6.078 

50.280 

59. 454 

9^738 

97.809 

1988 

4.  517 

6.  722 

62. 127 

73. 366 

1oT464 

108.273 

1989 

6.  669 

7.  484 

77.099 

91.252 

11,337 

1 19.  610 

1990 

4.914 

B.  163 

93.852 

106.929 

11.506 

131. I 16 

1991 

3.  582 

8.  671 

1 1 1 . 1 38 

i 23. 39 1 

11.516 

142. 632 

1992 

8.913 

9.  795 

140.29  5 

159.00  3 

12.956 

155,589 

1993 

3.990 

10. 537 

1^8.865 

183.  392 

12.928 

168.517 

199  4 

5.  512 

1 1 . 29  5 

201,768 

218. 575 

13. 406 

181.922 

COST  TOTALS  FOR  THE  20  VEAR  PERIOD  FROM  1975  TO  1994 

1973  PRICES  ESCALATED  PRICES  ESCALATED  PRICES 
NON- DISCOUNTED  NON- DI SC0UNTED  DISCOUNTED  TO  1975 


capital  EQUIP. 

66. 452 

93.  565 

31. 603 

LESS  RESID.  VALUE 

43. 749 

66. 507 

4.  064 

NET  CAPITAL  COSTS 

22. 703 

27.057 

27.539 

COSTS  FOB  FUEL 

100. 328 

1079.981 

132.  68  4 

OTHER  OP.  COSTS 

O.OQO 

0^000 

0.000 

MAINTENANCE  COSTS 

63. 648 

101.842 

1 7. 635 

TOTAL  COSTS 

186. 679 

1208.880 

177.859 

CUMULATIVE  SERVICE 

DELIVERED  = 

10.73830 

AVERAGE  UNIT  COSTS  FOR  THE 

20  YEAR  PERIOD  FROM 

1975  TO  1994 

1973  PRICES  escalated  PRICES  ESCALATED  PRICES 


NON -DISCO  UNTED 

NON- DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

6.  188 

8.713 

2.943 

LESS  RESID.  VALUE 

4.074 

6.  i93 

0.378 

NET  CAPITAL  COSTS 

2.  1 14 

2.  520 

2.565 

COSTS  FOR  FUEL 

9.343 

too. 573 

12.356 

OTHER  OP.  COSTS 

0.000 

0.000 

0.000 

MAINTENANCE  COSTS 

5.927 

9.  484 

1.642 

TOTAL  COSTS 

17.38  4 

112. 576 

16.  563 

TABLE  E-73.-  HIUS  OPTION  II  ELECTEICAL  POHEE  SOBSYSTEH 

(INPUTS  TO  DCF  PE06RAH) 


Year 

Capitalj. 
1973  $ 

Fuel, 

Btu 

Other  O&H, 
1973  $ 

Service 

delivered, 

fcWh 

1975 

3.913x10e 

344x10« 

0.246x106 

3.75x107 

1976 

3.03  9 

807 

.543 

8.81 

1977 

5.  125 

1457 

.968 

15.  91 

1978 

4.441 

2106 

1,393 

22.99 

1979 

2.879 

2404 

1 .599 

26*24 

1980 

3.496 

2947 

1.937 

32.17 

1981 

2.  047 

3288 

2.151 

35.90 

1982 

2.898 

3674 

2.389 

40.11 

1983 

4.938 

4488 

2,888 

49.00 

1984 

2.869 

4939 

3.177 

53.92 

1985 

2.219 

5171 

3.331 

56.45 

19  86 

4.154 

5715 

3.686 

62,39 

1987 

2.  047 

6058 

3.901 

66.13 

1988 

2.899 

6509 

4.189 

71.06 

1989 

4.156 

7024 

4.528 

76.68 

1990 

2.973 

7435 

4.795 

81 , 17 

1991 

2.104 

7656 

4.945 

83,60 

1992 

5.  082 

8404 

5, 423 

91.75 

1993 

2.209 

8796 

5.664 

96.03 

1994 

2.963 

9139 

5.895 

99.77 
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TABLE  B-74.-  BIOS  OPTIOH  II  BLECTflICW.  POHBB  SOBSISTEB  (AUBBAL  CAPITAL  onTLAXS) 


Xoar  Description 

Bajor  coKponent 
capital  cost,  1973  t 

Total  capital 
cost,  1973  $ 

1975  Village  center  A powerplant: 

Four  4415-1:H  generators 

3 090  500 

One  3500-kVA  transforner 

IB  600 

General  plant 

20  550 

One-third  of  distribation»  village  center  A 

646  900 

Fuel  s^steo  (including  fuel) 

136  438 

3.913x10* 

1976  Village  center  A poverplant: 

Three  tt415-k9  generators 

2 317  075 

One  3500-kVA  transforner 

18  600 

one-third  of  distrihation,  village  center  A 

644  980 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fnel  systeo 

18  912 

3.039 

1977  Village  center  A pouerplant: 

One  4415-kH  generator 

772  625 

Village  center  B pouerplant: 

Three  4415-kB  generators 

3 317  B75 

one  3400-kVA  transforner 

18  600 

General  plant 

20  550 

Tovn  center  pouerplant; 

■ 

One  4415-kH  generator 

772  625 

Tuo  900-kVA  rrsnsforaets 

20  800 

General  plant 

15  160 

One-third  of  distribution,  village  center  A 

646  990 

One-fourth  of  distribntion,  village  center  B 

483  140 

One-fifteenth  of  distribution,  toun  center 

38  200 

Fuel  syateg 

. 18  912 

5.125 

1978  Village  center  B pouerplant: 

Three  4415-kH  generators 

2 317  875 

One  3500-kVB  transforner 

18  600 

Toun  center  pouerplant; 

Tuo  4415-kH  generators 

1 545  250 

Tuo  900-kVA  transforners 

20  800 

One-fourth  of  distribution,  village  center  fl 

483  140 

One-fifteenth  of  distribution,  toun  center 

3B  200 

Fuel  systen 

17  562 

4.441 

1979  Village  center  B pouerplant; 

One  4415-kH  generator 

772  625 

Toun  center  pouerplant: 

Tuo  4415-kfl  generators 

1 545  250 

Two  900-kVA  transf orners 

20  eoo 

One-fourth  of  distribution,  village  center  B 

484  590 

One-fifteenth  of  distribution,  toun  center 

38  200 

Fuel  systea 

17  562 

2.879 

1980  Village  center  3 pouerplart ; 

One  4415-kH  generator 

772.  625 

Village  center  C pouerplant: 

Tuo  4415-kH  generators 

1 545  250 

One  3500-kVA  transfotaer 

18  600 

General  plant 

20  550 

One-fourth  of  distribution,  village  center  B 

484  590 

One -fourth  of  distribution,  village  center  c 

483  140 

one-fifteenth  of  distribntion,  tovn  center 

36  200 

Fnel  systen  (Including  fuel] 

133  312 

3.496 

1901  Village  center  C pouerplant: 

Tuo  4415-kH  generators 

1 545  230 

One-fourth  of  distribution,  village  center  C 

4B4  590 

Fuel  systea 

17  562 

2.047 

1982  Village  center  C pouerplant: 

Tuo  4415-kI  generators 

1 545  250 

One  3500-kVA  transforner 

18  600 

Tdun  center  pouerplant: 

One  4415-kV  generator 

772  625 

Tuo  900-kVA  transforaers 

20  800 

one-fourth  of  distribution,  village  center  C 

484  590 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fuel  systea 

17  562 

2.898 

ORIGINAL  PAGE  IS 
OP  POOR  QtjALrry 
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TiBLE  E-74.-  Contimied 


Tear  Description 

Hajor  component 
capital  cost,  1973  $ 

1983  Tillage  center  C pouerplantt 

Tvo  4415-kH  generators 

1 545  250 

Tillage  center  D powerplant: 

Tvo  441  S'* led  generators 

1 545  250 

One  3500-icVA  transfotaer 

18  600 

General  plant 

20  550 

Toen  center  povorplant: 

One  4415-td  generator 

772  625 

One  900-hTl  transformer 

10  400 

Ono-fonrth  of  distribution,  village  center  c 

484  590 

One-fourth  of  distribution,  village  center  D 

483  140 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  syste* 

18  912 

' 

1984  Tillage  center  D poverplant; 

Two  4415-hR  generators 

1 545  250 

Town  center  poverplant: 

One  4415-bd  generator 

772  625 

One  900-)tTl  transforaer 

10  400 

One-fourth  of  distribution,  village  center  D 

484  590 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fuel  systea  (including  fuel] 

17  562 

1985  Tillage  center  d poaetplant; 

T«o  44l5-kd  generators 

1 545  250 

One  3500-kr&  transforaer 

18  600 

One-fourth  of  distribution,  village  D 

484  590 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fuel  systee  (including  fuel) 

131  962 

1985  Tillage  center  D pouerplant: 

Two  4415-kH  generators 

1 545  250 

Tillage  center  B pouerplant; 

Tuo  4415-ktt  generators 

1 545  250 

One  3500-kTA  transforaer 

10  600 

General  plant 

20  550 

One-fourth  of  distribution,  village  center  D 

484  590 

One-fourth  of  distribution,  village  center  B 

483  140 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fuel  system 

18  912 

1987  Tillage  center  E poverplant; 

Two  4415-k»  generators 

1 545  250 

One-fourth  of  distribution,  village  center  E 

484  590 

Fuel  systea 

17  562 

1988  Tillage  center  B poverplant: 

Two  4415-kB  generators 

1 545  250 

One  3500-kTl  transforaer 

18  600 

Tovn  center  poverplant: 

One  4415-kSI  generator 

772  625 

Two  900-kTl  transforaers 

20  600 

One-fourth  of  distribution,  village  center  B 

404  590 

One-fifteenth  of  distribntion,  town  center 

38  200 

Fuel  systea 

18  912 

1989  Tillage  center  B poverplant; 

Two  4415-kH  generators 

1 545  250 

Tillage  center  f poverplant: 

Two  4415-kR  generators 

1 545  250 

One  3500-fcTA  transforner 

18  600 

General  plant 

20  550 

One-fourth  of  distribution,  village  center  B 

484  590 

One-fourth  of  distribution,  village  center  F 

483  140 

One-fifteenth  of  distribution,  town  center 

30  200 

Fuel  system 

20  475 

9ot&l  capital 
cost,  1973  S 


4.938x10“ 


2.859 


2.219 


4.154 


2,047 


2.099 


4. 156 


T&BLE  £-74.-  Concluded 


Tear 

Description 

hajor  coaponent 
capital  cost,  1973  $ 

Total  capital 
cost,  1973  f 

1990 

village  center  F poverplant; 

T»o  4415-kB  generators 

1 545  250 

Tovn  center  poverplant; 

one  4415“):ir  generator 

772  625 

One-fonrth  of  distribution,  village  center  F 

404  590 

One-fifteenth  of  distribution,  tovn  center 

38  200 

Fuel  systen  (including  fuel) 

131  962 

2.973x10* 

1991 

Village  center  F poverplant: 

Tvo  4415-kB  generators 

1 545  250 

one  BBDO-kVl  transforner 

10  600 

one-fonrth  of  distribution,  village  center  F 

484  590 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  systen 

n 562 

2.104 

1992 

village  center  F poverplant; 

Two  4415-kH  generators 

1 545  250 

village  center  G poverplant: 

Three  4415-kH  generators 

2 317  075 

one  900-kVA  transforner 

10  400 

General  plant 

20  550 

One-fonrth  of  distribution,  village  center  F 

484  590 

One-third  of  distribution,  village  center  B 

646  990 

One-fifteenth  of  distribution,  town  center 

38  200 

Fuel  systea 

18  912 

5.003 

19S3 

Village  center  G poverplant: 

Tvo  4415-kH  generators 

1 545  250 

one  3500-kVA  transforaer 

16  600 

One-third  of  distribution,  village  center  G 

644  980 

Fuel  systea 

0 

2.209 

1994 

Village  center  6 poverplant: 

Three  4415-kB  generators 

2 317  875 

one-thlrd  of  distribution,  village  center  6 

644  980 

Fuel  systea 

0 

2.963 
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TABLE  E-75. - KIUS  OPTIOH  II  ELECTRICAL  POHEH  DISTBIBUTIOH 


(COHPOHEHT  capital  COSTS) 


Component 

Cost , $ 

Village  complex* 

Cost  of  one-third  village  complex: 

102  150  ft  of  500-acH  wire  at  $3. 58/ft 

365  697 

34  050  ft  of  1/0  ground  wire  at  SI. 26/ft 

42  903 

132  transformers  (68  kVA)  at  $1450  ea. 

191  400 

Thirteen  BOO-kH  switchgears  at  $3460  ea. 

44  980 

Total 

644  98Q 

subtract  one  transformer. the  first  year 

1 450 

643  530 

Add  one  switchgear  the  first  year 

3 460 

646  990 

Cost  of  one-fourth  village  complex; 

76  612  ft  of  500-HCH  wire  at  S3.5B/ft 

274  271 

25  530  ft  of  1/0  ground  wire  at  $1. 26/ft 

32  168 

ninety-nine  S0-lcVA  transformers  at  £1450  ea. 

143  550 

Ten  800-kB  switchgears  at  $3460  ea. 

34  600 

Total 

464  589 

Subtract  one  transformer  the  first  year 

„„1  460 

483  139 

Cost  of  town  center  (1/15  totals) ; 

3700  ft  of  600-Hctt  wire  at  $3. 85/ft 

14  230 

1233  ft  of  1/0  ground  wire  at  $ 1.26/ft 

1 550 

9/15  of  4450-kVA  transformer  at  £20  000  ea. 

12  OOO 

Three  800-kH  switchgears  at  $3460  ea. 

10  400 

Total 

36  180 

Items  listed  under  general  plant 

Each  village  complex; 

One  30  000-gal  fuel  tank 

7 300 

Initial  fuel  load 

4 260 

One  5-ton  crane 

3 970 

Tools 

5 000 

Town  center; 

one  10  000-gal  fuel  tank 

4 760 

Initial  fuel  load 

1 430 

one  5-ton  crane 

3 970 

Tools 

5 000 

^Tillage  center  plus  three  oeighborhoods. 
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TABLE  E-76.-  HIUS  OPTION  II  FUEL  DISTfilBOTIOH  SOBSYSTEH 


(AHHOAL  CAPITAL  OUTLAYS) 


Year 

Description 

Major  component 
capital  cost,  1973  $ 

Total,  capital 
cost,  1973  $ 

1975 

Central  storage  tank' 

33  000 

Two  15-hp  pumps 

1 563  ea. 

Two  2-hp  pumps  {village  A) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

0.0550x10^ 

1976 

Two  2-hp  pumps  (town  center) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary  ' 

13  440 

.0189 

1977 

Two  2-hp  pumps  (village  B) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0189 

1978 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

,017b 

1979 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1980 

Central  storage  tank' 

33  000 

Two  2-hp  pumps  (village  C) 

675  ea . 

2-1 /2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0519 

1981 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1982 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1983 

Two  2-hp  pumps  (village  D) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0189 

1984 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1985 

Central  storage  tank' 

33  000 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0506 

iCapital  costs  for  the  initial  fuel  ?.oads  for  each  of  four 
tanks  were  included  in  the  DCF  program  analyses. 


TABLE  E-76.“  Concluded 


Year 

Description 

Hajor  component 
capital  cost/  1973  $ 

Total  capital 
cost,  1973  J 

1986 

Two  2-hp  pumps  (village  E) 

675  ea. 

2-1/2-iii.  main 

4 122 

1-in. -secondary 

13  440 

0.0189x106 

1987 

2-1/2-in,  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1988 

Two  2-hp  pumps  (town  center) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0189 

1989 

One  15-hp  pump 

1 563 

Two  2-hp  pumps  (village  F) 

675  ea. 

2-1/2'-in.  main 

4 122 

1-in.  secondary 

13  440 

. 0205 

1990 

Central  storage  tank^ 

33  000 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

. 0506 

1991 

2-1/2-in.  main 

4 122 

1-in.  secondary 

13  440 

.0176 

1992 

Two  2-hp  pumps  (village  G) 

675  ea. 

2-1/2-in.  main 

4 122 

1-in,  secondary 

13  440 

.0189 

1993 

(2) 

1994 

(2) 

icapital  costs  for  the  initial  fuel  loads  fpr  each  of  four  tanks 
were  included  in  the  DCF  program  analyses, 
spuel  distribution  system  complete. 
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TABLE  E-77.-  MIUS  OPTION  II  WATER  SUPPLY  SUBSYSTEM  COSTS 

(DCF  PROGRAM  OUTPUT) 


FUEL 

COST  IS  102. 

00  CENTS  PER  MBTU^  WITH 

ESCALATION 

RATIO  0, 

. 050 

THIS 

RUN  MADE  11/30/73 

0.  C. 

F.  ANALYSIS 

i FOR 

MIUS 

WATER  SUPPLY 

SYSTEM  - OPTION 

1 11  Cl  1/30/73) 

COST  FLOW  TABLE 

CALL  COSTS 

IN  S X 10E6) 

INVESTMENT  MAINTENANCE  OPERATIONS 

TOTAL  PRESENT  CUMULATIVE 

YEAR 

COST 

COST  COST 

COST 

VALUE 

P.  V.  COST 

1975 

20. 102 

0.  018 

0.000 

20.  520 

20.117 

20. 1 1 7 

19  7 6 

1,052 

0.044 

0.000 

1 . 07  6 

0.  9 48 

21.065 

19  77 

2.  630 

0.  103 

0.000 

2.  733 

2.057 

23, 122 

19  78 

0.235 

0.  159 

0.000 

0 . 39  4 

0.  246 

23.368 

19  79 

0.264 

0.  198 

0.  000 

0.  462 

0.250 

23.617 

1980 

3.  010 

0.249 

0.000 

3.  258 

1.604 

25.221 

1981 

0.  244 

0.  29  5 

0.000 

0.  539 

0.  217 

25.  437 

I98S 

0.,252 

0.  344 

0.000 

0.  596 

0.  207 

25.  645 

1983 

3.  170 

0.  407 

0.  000 

3.  577 

1.152 

26.  797 

1984 

0.267 

0.  47  6 

0.000 

0.  743 

0.  194 

26.990 

198  5 

0.275 

0.  533 

0.000 

0.808 

0.  183 

27. 173 

1986 

4.225 

0.  602 

0.000 

4,8  27 

1. 021 

28.  193 

1987 

0.960 

0.  673 

0.000 

1.  634 

0.289 

28.482 

1988 

0.  301 

0.754 

O.OGO 

1.055 

O.^ISS 

28 . 638 

1989 

3.  49  7 

0.812 

0.000 

4.308 

0.  594 

29.232 

1990 

0.  321 

0.999 

0.000 

1.320 

0.  146 

29.378 

1991 

0.  337 

1.077 

0.  000 

1. 414 

0.  136 

29.514 

1992 

4.  552 

1.  192 

0.000 

5.744 

0.519 

30.033 

1993 

0.  349 

1.  306 

0.  000 

1.  655 

0.  120 

30. 153 

1994 

0.  359 

1.408 

0.  000 

1. 767 

0.  n 1 

30.265 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  19  75  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO UNTED  NON- 

DISCOUNTED 

Discounted  to  1975 

CAPITAL  EQUIP. 

37.  508 

46. 4Q2 

28 . 37 1 

LESS 

RESIO.  VALUE 

29 . 208 

37.916 

2.317 

NET  CAPITAL  C0STS 

8.300 

8.  487 

26.054 

00  STS 

FOR  FUEL 

0.000 

0,  000 

0.000 

0THER 

OP.  COSTS 

0.  000 

0.  000 

0.000 

maintenance  costs 

7.  196 

11.649 

1.894 

■P3TAL 

CO  STS 

1 5.  49  7 

20. 135 

27.948 

CUMULATIVE  SERVICE  DELIVERED  = 

53. 

48000 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCOUNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19  75 

CAPITAL  EQUIP. 

0.  701 

0.668 

0.  530 

LESS 

RESID.  VALUE 

0.546  1 

0.  709 

0.043 

NET  CAPITAL  COSTS 

0.  155 

0.  159 

0.  487 

COSTS 

FOR  FUEL 

0.  000 

0.000 

0.000 

OTHER 

: OP.  COSTS 

0.000 

0.000 

0.000 

MAINTENANCE  COSTS 

0.  135 

0.  218 

0-035 

T3TAL 

COSTS 

0.290 

0.  377 

0.  523 
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TABLE  E-78.- 


HIUS  OPTION 


II  WATER  SUPPLY  SUBSYSTEM 


(INPUTS  TO  DCP  PROGRAM) 


Year 

Capital, 
1973  $ 

Useful 

life, 

yr 

OSH,  1973  $ 
(1) 

Service 

delivered, 

gal 

1975 

13. 823^106 

ICO' 

C. 0161x106 

0.12x109 

4.608 

50 

.517 

30 

1976 

.334 

100 

.0390 

.29 

.112 

50 

.517 

30 

1977 

1.365 

100 

.0888 

. 66 

.455 

50 

.517 

30 

1978 

,152 

IOC 

.133 

.99 

. 051 

50 

1979  . 

.166 

100 

.1613 

1 .20 

.055 

50 

1980 

1.447 

IOC 

.1963 

1.46 

.483 

50 

*517 

30 

1981 

.145 

100 

.226 

1.68 

.048 

■ 50 

1982 

. 145 

ICC 

.256 

1.90 

.048 

50 

1983 

1.381 

IOC 

.294 

2.19 

. 461 

50 

.517 

30 

1984 

.145 

100 

.334 

2.48 

,048 

50 

1985 

.145 

100 

-363 

2.70 

.048 

50 

1986 

1.770 

100 

.398 

2.96 

, 590 

50 

.517 

30 

iTrea-tment.  plant  OSM  labor  at  6.640/1000  gal;  chemicals  at 
2.690/1000  gal;  miscellaneous  at  2.460/1000  gal;  distribution  system 
OSM  at  1.660/1000  gal. 
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table  E-78.-  Concluded 


Year 

Capital, 
1973  $ 

Useful 

life, 

yr 

OSH,  1973  $ 
(1) 

service 

delivered, 

gal 

1987 

C. 476x10^ 

100 

0.432x10^ 

3.21x109 

.159 

50 

1988 

. 145 

100 

,470 

3.49 

.048 

50 

1989 

1.246 

100 

.491 

3.65 

.416 

5C 

, 517 

30 

1990 

.145 

100 

.587 

4.36 

.049 

50 

1991 

. 148 

100 

.614 

4.56 

.050 

50 

1992 

1.559 

100 

.660 

4.90 

.520 

50 

.517 

30 

1993 

. 145 

100 

.702 

5.22 

. 048 

' 50 

1994 

.145 

100 

.735 

5.46 

.048 

50 

^Treatment  plant  OSH  labor  at  6.64s:/1000  gal;  chemicals  at 
2.69^/1000  gal;  miscellaneous  at  2.46^/1000  gal;  distribution 
system  OSH  at  1. 66^^/1000  gal. 
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TABLB  E-79.-  BIDS  OPTION  II  HATBB  SOPPLY  SOBSXSTEH  (AHHOAL  CAPITAL  ODTLATS) 


Tear 

Description 

Major  component 

Total 

capital 

cost. 

capital  cost. 

1973 

$ : 

1973  $ 

197S 

Village  coaplex  A,  first -yr  developaent; 

Village  center  piping 

350  ft  of  2-in.  PVC  at  S2. 16/ft 

756 

800  ft  of  3-in.  PVC  at  $3. 80/ft 

3 

040 

450  ft  of  6 -in.  PVC  at  $11. 3 4/ft 

5 

103 

4600  ft  of  8-in.  cast  iron  at  $12. 86/ft 

59 

156 

3950  ft  of  12-in.  cast  iron  at  $22. 31/ft 

88 

125 

1000  ft  of  16-in,  cast  iron  at  $35.S0/ft 
Village  cooplei  fire  piping 

35 

800 

700  ft  of  6- in.  nonoiine  at  $7, 80/ft 

5 

460 

2900  ft  of  8-in,  monoline  at  $11. 24/ft 

32 

596 

1550  ft  of  15-in.  nonoline  at  $22. 94/ft 

35 

557 

Village  complex  fire  pumps 
Three  pumps,  1500  gal/min 
Village  complex  water  pond 

12 

504 

11  140  yd3  at  SOS/yd^ 
Three  neighhorhood  mains 

5 

570 

3000  ft  of  1.5-in.  PVC  at  $1. 80/ft 

5 

400 

3600  ft  of  2-in.  PVC  at  $2. 16/ft 

7 

776 

4650  ft  of  3-in.  PVC  at  $3. 80/ft 

17 

670 

21  600  ft  of  6-in.  PVC  at  $1 1.34/ft 

244 

944 

8100  ft  of  8-in.  cast  iron  at  $12. 86/ft 
Neighborhood  fire  piping 

104 

166 

17  400  ft  of  0-in.  monoline  at  $11. 24/ft 

195 

576 

24  000  ft  of  10-in.  monoline  at  $15. 92/ft 

382 

080 

Neighborhood  water  ponds 
33  420  yd3  at  SOfS/yd^ 
Potable  Water  supply  pumps 

16 

710 

Four  pumps,  529  gal/min 

8 

320 

Neighborhood  development  (A)  : 

one-third  of  potable  water  supply  piping 

84 

360 

(22  000  ft  of  3-in.  PVC) 

One-third  of  fire  piping  (22  200  ft  of 

173 

160 

6-ln.  monoline) 

Hater  -source  supply  pumps: 

Pump  station 

28 

000 

Pump,  3140  gal/min 
Source  supply  piping: 

4 

578 

79  200  ft.  of  42-in.  cast  iron  at 

13  509 

144 

$170. 57/ft 

9600  ft  of  16-in.  cast  iron  at  $36. 84/ft 

353 

664 

7750  ft  of  24-in.  cast  iron  at  $70. 18/ft 

543 

895 

9360  ft  of  30-in.  cast  iron  at  $98. 27/ft 

919 

B07 

2400  ft  of  3 6 -in.  cast  iron  at  $136. 58/ft 

327 

792 

7100  ft  of  42-in.  cast  iron  at  $170. 57/ft 

1 211 

047 

18.422x106 

Treatment  plant,  1.675x106  gal/day 

517 

000 

.517 

1976 

Village  complex  A: 

One-third  of  neighborhood  dewelopaent 
Town  center  pumps: 

257 

520 

TWO  pumps,  500  gal/ain 

4 

160 
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TiBLB  E-79.-  Continuea 


Sear 

Description 

Major  component 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  $ 

Town  center  potable  water  supply  piping: 

200  ft  of  3-in  PVC  at  $3. 80/ft 

760 

100  ft  of  4-in.  PVC  at  $5, 49/ft 

549 

1300  ft  of  8-in.  cast  iron  at  $12. 86/ft 

16  713 

800  ft  of  IC-in.  cast  iron  at  $16. 91/ft 

13  528 

2750  ft  of  12-in.  cast  iron  at  $22. 31/ft 

61  353 

3100  ft  of  14-in.  cast  iron  at  $29. 64/ft 

91  884 

Town  center  fire  piping; 

2300  ft  of  12-in.  monoline  at  $22, 94/ft 

52  762 

5350  ft  of  16-in-  monoline  at  $34. 62/ft 

185  217 

0.684x10* 

Treatoent  plant,  1,675x10*  gal/flay 

517  000 

.517 

1977 

Village  complex  A: 

One-third  of  neighborhood  development 

257  520 

Village  complex  B,  first-yr  development 

1 275  309 

(same  as  village  complex  A,  1975) 

Neighborhood  development  (B)  : 

One-fourth  of  potable  water  supply  piping 

63  270 

(16  650  ft  of  3-in.  PVC) 

One-fourth  of  fire  water  piping 

129  870 

(16  650  ft  of  6-in.  monoline) 

Town  center  pump,  500  gal/min 

2 080 

Town  center  potable  water  supply  piping; 

300  ft  of  6-in.  PVC  at  $11. 34/ft 

3 402 

Town  center  fire  piping; 

300  ft  of  12-in.  monoline  at  $22, 94/ft 

6 8B2 

Source  supply  piping: 

2400  ft  of  6-in.  cast  iron  at  $36. 84/ft 

88  416 

1.827 

Treatment  plant,  1,675x10*  gal/day 

517  000 

.517 

1978 

Village  complex  B; 

one-fourth  of  neighborhood  development 

193  140 

Town  center  potable  water  supply  piping; 

1 

800  ft  of  B-in.  cast  iron  at  $12. 86/ft 

10  288 

Town  center  fire  piping: 

■ 

700  ft  of  12-in*  monoline  at  $22. 94/ft 

16  058 

.219 

■ 1979 

rillage  complex  B: 

One-fourth  of  neighborhood  development 

193  140 

Town  center  punp,  500  gal/ain 

2 080 

Town  center  potable  water  supply  piping: 

300  ft  of  3- in.  PVC  at  $3.80/ft 

1 140 

100  ft  of  4 -in.  PVC  at  $5. 49/ft 

549 

2100  ft  of  6-in.  PVC  at  $11. 34/ft 

23  814 

Town  center  fire  piping: 

1900  ft  of  0-in,  monoline  at  $11, 24/ft 

21  356 

100  ft  of  12-in.  monoline  at  $22. 94/ft 

2 294 

.244 

1980 

Village  co'mplei  B:  j 

one-fourth  of  ineighborhoodj  development . 

,.,,193  .140  , 

Village  compleii  G,  * first-yr  development  . r 

V < ,1=275  309 

— 

(same_,a^-.vilia.geL.45Diiplex_il,.-JLa75) 

- 
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TABLE  E-79»-  Continued 


Year 


Deecriptibn 


Heighborhood  development'' (C) 

(same  as  neighborhood  development  | 

(B)  , 1977)  _ I 

Town -center  potable  water  supply  piping:  ; 

. 3.0.0  ft;:o£  6-in.:pVC  'at  5ti  .34/ft  , i 

Tow n. -.center  fife 'piping:  ' ; 

'3^0.  ftrof  3-in.  monoline  at  $11.24/ft 
■ 4100 -ft  of '6-iii.  HOnoline 'at ';$3Wi53y-£t 

Source  supply  pip;Lng:  , . . 

7’200^ft  of  16-ih.  cast  iron  at  $36. 84/ft 
Trfept'ment  plantf  1.675x10*  gal/day':'! 

1961  I Village  complex  C; 

Ohe-fourth  of  neighborhopd  development 

1982  I Village  complex  c; 

One-fourth  of  neighborhood  development 

1983  I Village  complex  C: 

One-fourth  of  neighborhood  development 

Village  complex  D,  first-yr  development ' 
(same  aS  village  complex  1975) 
Neighborhood  development  (D) 

(same  as  neighborhood  development-  • ■ 

(B),  1977) 

Town  center  potable  water  supply  piping: 

100  ft  of  4-in.  PVC  at  $5.49/ft 
Town  center  fire  piping: 

100  ft  of  12-in,  monoline  at  $22.94 
Source  supply  pump^  3140  gal/min 
Source  supply  piping: 

2500  ft  of  24-in.  cast  iron  at  $70. 18/ft 
Treatment  plant,'  1.675x10*  gal/day. 

1984  I village  cqmplex  D: 

One-fottfth  of  neighborhood  development 

1985  1 village  complex  D: 

One-fourth  of  neighborhood  development 

1986  I Village  complex  D: 

One-fourth  of  neighborhood  development 

Village  complex. E,  first-yr  development 
(same  as  village  complex  A,  1975) 
Neighborhood  development  (S) 

(same  as  neighborhood  development 
.(B)  , 1977) 

Source  supply . piping: 

14  200  ft  of  16-in.  cast  iron 
' at  j36.84/ft 

2400  ft .Of  ,24-in.  cast  iron  at  $73.075/ft 
Treataent ^ plant,  1.675x10*  gal/day 


Major  component 
capital  cost, 
1973  $ 

Total 

capital  cost, 
19Z3--41 

.•-r.  [r.i  Z J-  • f 

XOtCjt  j 

capital  | 

■ '1^7  1 iv  ; 

3 402 

i 

3 934  i 

141  983  i 

i 

265  248 

517  j?00 

2.076x10* 

.517 

193  140 

.193 

193  140 

.193 

193  140 
1 275  309 

193  140 

549 

2 294 
4 578 

175  450 
517  OPO 

1.844 

.517 

193  140 

.193 

193  140 

.193 

193  140 
1 275  309 

193  140 

523  128 

175  380 
517  OOQ  . 

0.517 

B— 1 86 


TAfltE  E-79.-  Concladefl 


tear 

CescciptloD 

Major  component 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  $ 

1987 

Village  complex  S: 

One-fourth  of  neighborhood  derelopment 

193  140 

Source  supply  piping: 

12  000  ft  of  16-in.  cast  iron  at  $36. 84/ft 

442  080 

0.635x10® 

1988 

Village  complex  E: 

One-fourth  of  neighborhood  development 

193  140 

.193 

1989 

Village  complex  E: 

One-fourth  of  neighborhood  development 

193  140 

Village  complex  P,  first-yr  development 

1 27S  309 

(same  as  village  complex  A,  1975) 

Heighborhood  development  (P) 

193  140 

1.651 

(same  as  neighborhood  development  (B)  , 

1977) 

Treatment  plant,  1. 675x1 0^  gal/day 

517  000 

.517 

1990 

Village  complex  F: 

One-fourth  of  neighbrrhood  development 

193  140 

Town  center  potable  wai.er  supply  piping: 

100  ft  of  4-in.  PVC  dt  $5. 49/ft 

549 

Town  center  fire  piping: 

100  ft  of  12-in.  monoline  at  $22. 94/ft 

2 294 

.196 

1991 

Village  complex  F: 

One-fourth  of  neighborhood  development 

193  140 

Source  supply  pump,  3140  gal/rain 

4 578 

.198 

1992 

Village  complex  F: 

One-fourth  of  neighborhood  development 

193  140 

Village  complex  G,  first-yr.  development 

(same'  as  village  complex  A,  1975) 

1 275  309 

neighborhood  development  (G) 

257  520 

(same  as  neighborhood  development 

(A)  , 1975) 

Source  supply  piping: 

9600  ft  of  16-in.  cast  iron  at  $36. 84/ft. 

353  664 

2.079 

Treatment  plant,  1.675x10®  gal/day 

517  000 

.517 

1993 

Village  complex; 

One-third  of  neighborhood  development 

257  520 

.258 

199a 

Village  complex  G: 

7 

One-third  of  neighborhood  development 

257  520 

-258 
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TABLE  E-80.-  MIUS  OPTION  II  WASTEWATER  SUBSYSTEM  COSTS 

(DCF  PROGRAM  OUTPUT) 

(a)  Escalation  ratio  of  5 percent 


FUEL  C0ST  IS  lOS.OO  CENTS  PER  MBTU,  WITH  ESCALATION  RATIO  0.030 
THIS  RUN  MADE  11/30^73 

D.  C,  F.  ANALYSIS  F0H 

MIUS  WASTE  WATER  SYSTEM  - 0PTI0N  II  (11/30/73J 


COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E63 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 

YEAR  COST  COST  COST  COST  VALUE  P.V.C0ST 


19  75 

s:  659 

0.033 

0.001 

3.  694 

3.  689 

3.  689 

j’.j 

19  76 

2,819 

0.  138 

0.005 

2.961 

2.  559 

6.248 

19  77 

4,  163 

0.319 

0.011 

4.  49  3 

3.  365 

9.613 

1978 

0.250 

0.475 

0.017 

0.743 

0.  446 

10.059 

I* 

19  79 

0.258 

0.  604 

0.022 

0.  884 

0.  459 

10. 518 

1 19S0 

4.365 

0.733 

0.027 

5.  125 

2.  499 

13.017 

1 I9B1 

0.274 

0.881 

0.033 

1.  187 

0.  462 

13. 478 

ir. 

1932 

0.2S2 

1.031 

0.  040 

1.  352 

0.  456 

13,934 

1983 

4.  770 

1.231 

0,048 

6.048 

1.923 

15.857 

f'f 

198  4 

0.299 

I.  440 

0.057 

1. 79  6 

0.  455 

16.312 

i; 

1985 

'0.’308 

1.S93 

0.065 

1.966 

0.433 

1 6. 745 

1966 

5.212 

1.783 

0.074 

7.069 

1 . 467 

18.212 

r; 

1987 

0.  327 

2.072 

0.087 

2.  48  6 

0.  412 

IS. 624 

1988 

0.  337 

2.  182 

0.  09  4 

2.  613 

0.’~376 

19.000 

i: 

1989 

5.  69  5 

2.425 

0.  106 

8.  226 

1.116 

20. 116 

V 

J. 

1990 

0.357 

2.654 

0.  1 19 

3.  130 

0.  340 

20.456 

1991 

0.368 

2.902 

0.  132 

3.  402 

0.321 

20. 778 

1992 

5.894 

3.079 

0.  143 

9.  1 16 

0.808 

21. 586 

199  3 

0.  520 

3.535 

0.  167 

4.222 

0.  302 

21.888 

1994 

0.  536 

3.775  . 

0.  183 

4.  49  3 

0.279 

22.167 

!h!- 

COST  TOTALS 

FOR  THE 

20  YEAR  period  FROM 

1975  TO 

1994 

j.;. 

.1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON- DISCO UN TED 

N0N-DISC0LWTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

30.021 

40.  69  1 

16.  437 

H 

LESS  RESID.  VALUE 

20.  520 

29.852 

1.624 

NET  CAPITAL  COSTS 

9.501 

10.8  39 

14. 613 

L 

COSTS  FOR  FUEL 

0.  647 

1, 431 

0.  225 

OTHER  0P.  COSTS 

0.000 

0.000 

0.000 

MAINTENANCE  COSTS 

20. 447 

32.865 

5.506 

j;' 

TOTAL  COSTS 

30.  59  5 

45.  155 

20. 343 

CUMULATIVE  SERVICE  DELIVERED  = 

48.79100 

r^' 

AVERAGE  LW IT 

COSTS  FOR  THE  20 

YEAR  PERIOD  FROM 

1975  T0-  1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES. 

y- 

NON-DISCO  UN  TED 

N0N-DISC0LWTED 

DISCOUNTED  TO  1975 

u 

CAPITAL  EQUIP. 

0.  615 

0.834 

0.337 

i.' 

LESS  RESID.  VALUE 

0.  421 

0.  612 

0.037 

y 

y 

NET  CAPITAL  COSTS 

0.  195 

0.  222 

0.299 

yi’. 

COSTS  FOR  FUEL 

0.013 

0.029 

0.005 

1 

OTHER  OP.  COSTS 

0.000 

0.000 

0.000 

p 

MAINTENANCE  COSTS 

0.  419 

0.  674 

0.  1 13 

L' 

TOTAL  COSTS 

0.627 

0.925 

0.417 
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TABLE  E- 8 0 . - Concluded 

(b)  Escalation  ratio  of  1 5 percent 

FUEL  C0ST  IS  lOS.OO  CENTS  PER  MBTU,  WITH  ESCALATION  RATIO  0.150 
THIS  RUN  MADE  11/30/73 

D.  C.  F.  ANALYSIS  FOR 

MIUS  WASTE  WATER  SYSTEM  - OPTION  II  Cl  1/30/73J  - 

COST  FLOW  TABLE 
CALL  COSTS  IN  $ X 10Ec,J 

INVESTMENT  MAINTENANCE  OPERATIONS  TOTAL  PRESENT  CUMULATIVE 


YEAR 

COST 

COST  COST 

COST 

VALUE 

P.  V.C0ST 

1975 

3.659 

0.033 

0.  001 

3.  694 

3.  689 

3.689 

19  76 

2.8  19  ■ 

0^1  38 

0.007 

2.964 

2.  561 

6.250 

1977 

4.  163 

0.319 

0.017 

4.  500 

3.369 

9.619 

19  78 

0.  250 

0,  475 

0.029 

0.  755 

0.453 

10.072 

19  79 

0.258 

0.  604 

0.041 

0.903 

0.  466 

lO. 540 

1980 

4.365 

0.733 

0.056 

5.  154 

2.511 

13.052 

1981 

0.274 

0.881 

0.075 

1.229 

0.  478 

13. 529 

1982 

0.282 

1.031 

0.098 

1. 41 1 

0.  475 

14.004 

1983 

4.^770 

1.231 

0.  131 

6.  131 

1.9  46 

15.951 

1984 

0.299 

1.440 

0.  171 

1.910 

0.  483 

16.434 

1985 

0.308 

1 . 59  3 

0.  211 

2.  1 13 

0.  464 

16.898 

1986 

S.2I2 

1*  7S3 

0.264 

7.259 

1. 503 

18.401 

1987 

0-327 

2.072 

0.  342 

2.741 

0.  453 

18.854 

1988 

0.  337 

2.  182 

0.  403 

2.922 

0*.420 

19.274 

1989 

5.  69  5 

2.  425 

0.  499 

8.  619 

1.  I 64 

20.438 

1990 

0.357 

a.  6 54 

0.  610 

3.  622 

0.  393 

20.831 

199  1 

0.  368 

2.902 

0.745 

4.  015 

0.  378 

21.209' 

1992 

5.894 

3.079 

0.883 

9.856 

0.868 

22.077 

199  3 

0.  520 

3.  535 

1.  131 

5.  185 

0.370 

22.447 

199  4 

0,  536 

3.775 

1. 352 

5.662 

0.351 

22.^798 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

19  73  PRICES 

escalated  PRICES 

ESCALATED  PRICES 

N0N-DISC0UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  19  75 

CAPITAL  EQUIP. 

30.021 

40. 691 

16.  437 

LESS  1 

RESID.  VALUE 

20. 520 

29 . 8 52 

1.824 

NET  CAPITAL  COSTS 

9.  501 

10.839 

14.613 

COSTS 

FOR  FUEL 

0.  647 

7.  063 

0.856 

OTHER 

OP.  COSTS 

0.000 

0.  000 

0.000 

MAINTENANCE  COSTS 

20. 447 

32.885 

5.506 

TOTAL 

CO  STS 

30.  59  5 

50.  792 

20.974 

CUMULATIVE  SERVICE  DELIVERED  = 

48. 

79100 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAR 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

N0N-DI SCO  UNTED  NON- 

DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

0.  615 

0.  834 

0.337 

LESS 

RESID.  VALUE 

0.  421 

0.  612 

0.037 

NET  CAPITAL  COSTS 

0.  195 

0.  222 

0.  299 

COSTS 

FOR  FUEL 

0.013 

0.  145 

0.018 

other 

OP.  COSTS 

0.000 

0.  000 

0.000 

MAINTENANCE  COSTS 

0.419 

0.  674 

0.  1 13 

TOTAL 

COSTS 

0.  627 

I.  041 

0.430 

E-189 


TABLE  E-81.-  BIOS  OPTION  II  WASTEWATEH  SUBSISTEH 


(INPUTS  TO  DCF  PEOGHAH) 


Year 

capital, 
1973  $ 

Useful 

life, 

yr 

OGH, 
1973  $ 
(2) 

Service 

delivered, 

gal 

1975 

2.257x106 

30 

0.949x109 

0 

.0306x106 

0.073x109 

1.192 

75 

1976 

2.257 

30 

3.796 

.1222 

.292 

.323 

75 

1977 

2,257 

30 

a . 528 

.275 

.656 

1.442 

75 

1978 

. 216 

75 

12.350 

.398 

.950 

1979 

.216 

75 

15.210 

.491 

1.17 

1980 

2.257 

30 

17.940 

.579 

1.38 

1.292 

75 

1981 

.216 

75 

20.930 

.675 

1.61 

1982 

.216 

75 

23.790 

.767 

1.83 

1983 

2.257 

30 

27. 560 

.889 

2.12 

1,292 

75 

1984 

,216 

75 

31.330 

1 

.01 

2.41 

1985 

.216 

75 

33.670 

1 

.085 

2.59 

1986 

2.257 

30  . 

36.530 

1 

.179 

2.81 

1.292 

75 

1987 

.216 

75 

41.210 

1 

.33 

3.17 

1988 

.216 

75 

42.250 

1 

.36 

3.25 

1989 

2.257 

30 

45.500 

1 

.467 

3.50 

1.292 

75 

1990 

.216 

75 

48.360 

1 

.559 

3.72 

1991 

.216 

75 

51,350 

1 

.655 

3.95 

1992 

2.257 

30 

52.910 

1 

.705 

4.07 

1.104 

75 

1993 

.288 

75 

58.890 

1 

.90 

4.53 

1994 

.288 

75 

61.230 

1 

,97 

4.71 

iFuel  at  13  Btu/gal. 

^Tteatment  plant  OGH  labor,  18.80/1000  gal;  ch-ealcals, 
13.90/1000  gal;  miscellaneous,  4.50/1000  gal;  collection 
system  b&H,  4.70/1000  gal. 


t TABLE  BIOS  OPTIOH  II  HASTEB&IEB  StlBSTBTBH  (AHHD&L  CAPITAL  OPTLAtS) 

r 


1 

i; 

Tear 

Deecrlptian 

Bajor  coaponent 
capital  cost, 
1966  $ 

Total  capital  coot 

1966  $ 1973  $ 

fl 

1975 

Tillage  coaplez  1 £lrst-;c  deTelopaent 

i 

Tillage  centei:  subaains 

1500  £t  of  8-in.  sewer  at  S7/£t 

10  500 

j 

1850  ft  of  15-in.  sewer  at  S1D/£t 

18  500 

1100  ft  of  IB-in.  sewer  at  $10. 50/ft 

11  550 

} 

550  ft  of  2«-in.  sewer  at  $ 14/ft 

7 700 

1 

Tillage  center  laterals 

1900  ft  of  B-in.  sewer  at  $7/ft 

13  300 

Tillage  complex  wanboles,  sains,  and 

r 

snbaains 

94  aanholes  at  $300  each 

75  200 

Tillage  center  aanholes 

15  sanboles  at  $400  each 

6 000 

Lift  stations 

i 

Six,  8-in,  subaeins 

90  000 

; 

Three,  1S-in.  subaains 

150  000 

BIOS  lift  stations 

One  station 

50  000 

Tbree  neighborhood  subnains 

1 

21  120  ft  of  8-in.  sewer  at  $7/ft 

147  840 

; 

3750  ft  of  10- in,  sewer  at  $8.75  ft 

32  813 

2100  ft  of  15-in.  sewer  at  $10/£t 

21  000 

Option  II  additive  deltas 

goo  ft  of  21-in.  sewer  at  $11, 50/ft 

10  350 

1000  ft  of  24 -in.  sewer  at  $ 14/ft 

14  000 

Option  II  subtractive  -deltas 

2350  ft  of  8-in.  sewer  at  $7/ft 

-16  450 

Beighborbood  dovelopaent  (1) 

One-third  of  laterals 

179  900 

25  700  ft  of  9-in.  sewer 

96  aanholes,  one-third  of  coapletion 

38  400 

Town  center  sewer  piping 

250  ft  of  12-in,  sewer  at  $9/ft 

2 250 

3100  ft  of  15-in,  sower  at  $ 10/ft 

31  000 

0.925x10*  1.221x10* 

Treutaent  plant,  1.675x10*  gal/day 

1 709  848 

1.710  2.257 

1976 

Tillage  coaplex  A 

One-tbird  of  neighborhood  developaent 

218  300 

Town  center  piping 

2500  ft  of  18-in.  sewer  at  $1 0.50/ft 

26  250 

.244  .323 

Treatnent  plant,  1.675x10*  gal/day 

1 709  848 

1.710  2,257 

1977 

Tillage  coaplez  A 

One-third  of  neighborhood  developaent 

218  300 

Tillage  coaplex  B first-yr  developaent 

640  429 

(saae  as  village  coaplez  A 1975) 

Heighborhood  developuent  (B) 

One-fonrth  of  laterals 

134  925 

19  275  ft  of  8-in.  sewer 

1 ^ 

72  aanholes 

28  800 

1 

Town  center  piping 

4100  ft  of  e-in.  sever  at  $7/ft 

28  700 

750  ft  of  10-in.  sewer  at  $8. 25/ft 

6 188 

800  ft  of  12-in.  sewer  at  $9/ft 

7 200 

700  ft  of  18-in.  sewer  at  $10. 50/ft 

7 350 

1.072  1.415 

<7 

Treataent  plant,  1.675x10*  gal/day 

One  plant 

1 709  848 

1.710  2.257 

197S 

Tillage  coaplez  B 

One-foarth  of  neighborhood  developaent 

163  725 

.164  .216 

1975 

Tillage  coaplez  B 

One-fourth  of  neighborhood  developaent 

163  725 

.164  .217 

ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 
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fCiBLE  S-82.“  Concluded 


Tesc 

Description 

Hajor  component 

Total  c&pital  coat  I 

1966 

$ 

1966  $ 

1973  t 

1980 

Tillage  couples  B 

Ono-fourth  of  neigbborJiood  deTolopKent 

163 

725 

Tillage  complex  c first -yt  deTolopuent 

640 

429 

(sane  as  village  coaplex  1 1975) 
neighborhood  developMent  (c) 

(save  as  1977) 

Treat vent  plant*  1.675x10*  gal/da; 

163 

725 

0.968x10* 

1.278x10* 

One  plant 

1 

709 

848 

1.710 

2.257 

1981 

Tillage  covplex  C 

Ono-fourth  of  neighborhood  development 

163 

725 

.164 

,216 

1982 

Tillage  coaplex  c 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1983 

Tillage  coaplex  C 

One-fourth  of  neighborhood  developvent 

163 

725 

Village  coaplex  D first-yr  developaent 

640 

429 

(same  as  village  coaplex  h 1975) 
neighborhood  developaent  (D) 

163 

725 

.968 

1.276 

(save  as  1977) 

Treataent  plant*  1.675x10*  gal/day 

One  plant 

1 

709 

84B 

1.710 

2.257 

198H 

Tillage  coaplex  D 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

,216 

1985 

Tillage  complex  D 

One-fourth  of  neighborhood  developnent 

163 

725 

.164 

.216 

1985 

Tillage  coaplex  D 

One-fourth  of  neighborhood  developnent 

163 

725 

Tillage  coaplex  E first-yr  development 

640 

429 

(save  as  village  conplex  &) 
Feighborhood  developaent  (B) 

163 

7ZS 

.968 

1,278 

(save  as  1977) 

Treataent  plant,  1.675x10*  gal/day 

One  plant 

1 

709 

848 

1.714 

2.257 

1987 

Tillage  coaplex  E 

One-fourth  of  neighborhood  developnent 

163 

7?S 

.164 

.216 

1988 

Tillage  coaplex  S 

One-fourth  of  neighborhood  developaent 

163 

725 

.164 

.216 

1989 

Tillage  complex  E 

One-fourth  of  neighborhood  developaent 

163 

725 

village  complex  F first-yr  developaent 

640 

429 

(same  as  village  complex  A 1975) 
Heighborhood  developaent  (F) 

163 

725 

.968 

1.278 

(same  as  1975) 

Treataent  plant,  1.675x10*  gal/day 

One  plant 

1 

709 

848 

1.710 

2.257 

1990 

Village  complex  P 

One-fourtb  of  neighborhood  developaent 

163 

725 

.164 

.216 

1991 

Tillage  coaplex  F 

One-fouEtb  of  neighborhood  developnent 

163 

725 

.164 

.216 

1992 

Tillage  coaplex  F 

One-fourth  of  neighborhood  developnent 

163 

725 

Tillage  coaplex  G fixst-yr  developaent 

640 

429 

(same  as  village  coaplex  k 1975} 
Neighborhood  developaent  (G) 

218 

300 

1.022 

1.350 

(same  as  1975) 

Treataent  plant,  1,675x10*  gal/day 

One  plant 

1 

709 

848 

1.710 

2.257 

1993 

Tillage  complex  G 

One-third  of  neighborhood  developaent 

218 

300 

.218 

.288 

1990 

Tillage  coaplex  G 

One-third  of  neighborhood  development 

213 

300 

.218 

.288 

TABLE  B-83.-  BIOS  OPTIOH  II  BASXEBATER  tSDBSrSTBB  COHPOHEHT  CAPITAL  COSTS) 


Coaponent 


Sever,  8-in.: 

21  neighborhood  Bains,  7040  ft  ea. 

Seven  village  center  mains,  1500  ft  ea* 
Seven  village  center  laterals,  1900  ft  ea. 
21  neighborhood  laterals,  25  700  ft  ea. 

CBD 

Subtractive 

Total 


Quantity,  ft 


147  840 
10  500 
13  300 
539  700 
4 100 
-16  450 


698  990 


Cost,  $ 


4 892  930 
t7. 00/ft) 


Sewer,  10-in. ; 

21  neighborhood  Bains,  1250  ft  ea* 
CBD 

Total 


26  250 


27  000 


222  750 
(8.25/ft) 


Sewer,  12-in.: 
CBD 


1 050 


9 450 
(9.00/ft) 


Sever,  15-in.; 

21  neighborhood  sains,  700  ft  ea. 

Seven  village  center  mains,  1850  ft  ea. 
CBD 

Total 


14  700 
12  950 
3 100 


30  750 


307  500 
(10.00/ft) 


Sever,  18-in. : 

Seven  village  center  mains,  1100  ft  ea. 
CBD 

Total 


7 700 


10  900 


114  450 
(10.50/ft) 


sewer,  21-in; 
900  ft  I 7 


6 300 


72  450 
(11.50/ft) 


Sewer,  24-in. : 

Additive,  1000  ft  i 7 
Seven  village  cent&r  mains,  550  ft  ea. 
Total 


Hanhoies: 

Sane  as  option  I 

Lift  station  for  - 

Village  mains,  8-in,,  42  at  S 15  000  ea. 
Village  mains,  15-in.,  21  at  $ 50  000  ea, 
BIDS  lift  stations,  7 at  $50  000  ea. 

Total,  1966  $ 

Total,  1973  $ 


7 000 
3 850 


Plant  capital,  1973  $ 
(2  257  000  z 8) 


151  900 
(14.00/ft) 


1 374  800 


630  000 
1 050  000 
350  000 

9 176  230 
12  112  623 

18  056  000 


SABLE  E-84.-  niJS  OPTION  II  WASTEHATES  SUBSYSTEH 
EQUIPHENT  COST  SUHHAEY 


Description 

Quantity 

Unit  cost, 
1966  $ 

Total  cost, 
1966  $ 

Sewer: 

a in. 

698  990  ft 

7.00 

4 892  930 

10  in. 

27  000  ft 

8.25 

222  750 

12  in. 

1 050  ft 

9.00 

9 450 

15  in. 

30  750  ft 

10.00 

307  500 

18  in. 

10  900  ft 

10.50 

114  450 

21  in. 

6 30C  ft 

11.50 

72  450 

24  in. 

10  850  ft 

14.00 

151  90G 

Hanholes  along  mains 

658 

800.00 

526  400 

Other  manholes 

2 121 

400.00 

848  400 

Lift  stations/ 

42 

15  000.00 

630  000 

8“in.  mains 

Lift  stations/ 

21 

50  000.00 

1 050  000 

15-in.  mains 

BIOS  lift  stations 

7 

50  000.00 

350  000 

Total  capital/  1966  $ 

9 176  000+ 

Total  capital,  1973  S 

12  112  000+ 

Treatment  plants,  8 ea. 

18  056  000 

at  $2  257  000  (1973  S) 

Total  capital  cost,  1973  $ 

30  168  000 

TABLE  E-85.-  MIUS  OPTION  II  HVAC  SUBSYSTEM  COSTS 
(DCF  PROGRAM  OUTPUT) 


FUEL  COST  IS  iaa.00  CENTS  PER  NBTU^  WITH  ESCALATION  RATIO  0,050 
ELECTRICITY  RATE  IS  0.01745  DOLLARS  PER  KWH 
THIS  RUN  MADE  9/  S/73 

D.  C.  F.  ANALYSIS  FOR 

MIUS  HUAC  - OPTION  II  8/10/73  (8/1S/73) 

COST  FLOW  TABLE 
CALL  COSTS  IN  S X 10E6) 


INVESTMENT  MAINTENANCE  OPERATIONS 

TOTAL  PRESENT  CUMULATIVE 

YEAR  ' 

COST 

COST  COST 

COST 

VALUE 

P.V.COST 

1975 

3.162 

0.140 

0 ,000 

3.302 

3.284 

3,284 

1976 

5.644 

0.306 

0 ,000 

5.949 

5.139 

8.422 

1977 

5,836 

0.577 

0 ,000 

6.413 

4*792 

13,214 

1978 

3 .369 

0.717 

0 .000 

4.067 

2.625 

15,840 

1979 

3.263 

0.893 

0 .000 

4.157 

2*310 

18.150 

1980 

5.193 

1.166 

0 .000 

6.359 

3*086 

21 .236 

1981 

3,672 

1 .335 

0.000 

5,007 

2,089 

23.325 

1982 

2.449 

1 .504 

0,000 

3,953 

1.412 

24.737 

1983 

9,321 

1 .839 

0,000 

11,160 

3*570 

26.307 

1984 

4,740 

2.077 

0,000 

6.818 

1 .861 

30.168 

19SS 

2.571 

2.276 

0 ,000 

4,846 

1.125 

31.293 

1986 

6,257 

2.642 

0,000 

8.899 

1.839 

33.132 

1987 

4.468 

2*882 

0 ,000 

7,350 

1 ,304 

34.435 

1988 

6.230 

3.139 

0 .000 

9*368 

1 ,456 

35b891 

1989 

7.9S9 

3.595 

0 .000 

11.584 

1 .571 

37,462 

1990 

4.410 

3.878 

0 .000 

8.289 

0 ,956 

36.419 

1991 

3.20  5 

4.165 

0.000 

7.370 

0.730 

39,148 

1992 

8.994 

4,699 

0 * 000 

13.692 

1,215 

40*364 

1993 

4.478 

5.076 

0 .000 

9*554 

0,719 

41  .082 

1994 

5*389 

5.475 

0.000 

10.664 

0,713 

41 ,795 

COST  TOTALS  FOR  THE  20 

YEAR  PERIOD  FROM  1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

71.379 

100.640 

33*466 

LESS  RES ID.  VALUE 

71.378 

103*658 

6.334 

NET  CAPITAL  COSTS 

0.001 

-3.018 

27.132 

COSTS 

FOR  FUEL 

0 ,000 

0*000 

0 *000 

OTHER 

OP.  COSTS 

0 .000 

0 *000 

0 *000 

MAINTENANCE  COSTS 

30,192 

46,333 

8.330 

TOTAL 

COSTS 

30,193 

45.365 

35.462 

CUMULATIVE  SERVICE  DELIVERED  = 

1 

.31659 

AVERAGE  UNIT 

COSTS  FOR  THE 

20  YEAH 

PERIOD  FROM 

1975  TO 

1994 

1973  PRICES 

ESCALATED  PRICES 

ESCALATED  PRICES 

NON-DISCOUNTED  NON 

-DISCOUNTED 

DISCOUNTED  TO  1975 

CAPITAL  EQUIP. 

54.215 

76*440 

25,419 

LESS  HESID.  VALUE 

54.214 

78*732 

4.811 

NET  CAPITAL  COSTS 

0.001 

-2.292 

20.608 

COSTS 

FOR  FUEL 

0 ,000 

0 .000 

Q *000 

OTHER 

OP.  COSTS 

0.000 

0 .000 

0,000 

MAINTENANCE  COSTS 

22.932 

36.749 

6,327 

TOTAL 

COSTS 

22.932 

34.456 

26*935 

TABLE  £”86.“  MXUS  OPTION  II  HVAC  SUBSYSTEM  COSTS  (INPUTS  TO  DCF  PROGRai4) 
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TABLE  E-87.-  MIUS  OPTION  II  HVAC  SUBSYSTEM 

(a)  Input  data 
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TABLE  E-87.-  Continued 
(b)  Input  schedule  array 
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TABLE  E-87.-  Continued 

(c)  Total  annual  capital  expenditures  ($  x 10"*^) 
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TABLE  E”87.“  Continued 


(d)  Total  annual  power  consumed  (kWh) 
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TABLE  E-87,~  Continued 
(e)  Total  annual  OSM  costs  ($  x 10*"®) 
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TABLE  B-ee.-  Hvac  SOBStSTEH  EQOIPHEBT  LIST  POB  VILLAGB/HBIGHBORHOOD  COHPLEX  HIBS 


ItBQ  description 

Quantity 

Capital, 
1 973  J 

aaintenance, 
1973  * 

operation 

Dtilizaticn 

Cost/unit 

Total 

cost 

Cost/unit 

Total 

cost 

Operating 
load,  tew 

Annual 

consuMption,  kwh 

1377-ton  absorption 
chiller 

4 

82  200 

328  800 

2702 

10  808 

39 

Option  II  only 

1073-ton  conptession 
chiller 

4 

60  905 

243  620 

2009 

8 036 

3228 

1 985  200 

Cooling  pond, 

360  by  162  by  4 ft. 

1 

192  000 

5 760 

Chiller  puops, 
1750  gal/nin 

e 

5 455 

43  640 

1 527 

746 

Chiller  puaps, 
1146  gal/«in 

8 

4 422.5 

35  380 

1 236 

597 

Eot-uater  pUaps, 
1339  gal/oin 

6 

4 256 

25  540 

093 

447 

Waste  heat  piinps, 
604  ft  head 

5 

5 800 

29  000 

1 015 

820 

Insulated  pipe: 

12  in. 

14  240  ft 

64.. 30 

915  632 

10  in. 

16  040  ft 

45.46 

739  178  ■ 

e in. 

15  000  ft 

28.17 

422  550 

6 in. 

s eoo  ft 

10.36 

161  560 

5 in. 

10  800  ft 

15.01 

162  108 

4 in. 

4 84 C ft 

10.86 

52  562 

3-1/2  in. 

4 400  ft 

9.4C  : 

41  360 

3 in. 

5 000  ft 

8.14 

47  863 

2-1/2  in. 

20  020  ft  1 

6.67 

138  869 

2 in. 

6 880  ft  ' 

5.77 

39  697 

1-1/2  in. 

12  200  ft  1 

5.02 

61  244  . 

14  in. 

300  ft 

80.50 

24  150 

i 

16  in. 

300  ft 

122.00 

36  600 

20  in. 

3 000  ft 

165.00 

495  000  : 

1-1/4  in-  ' 

5 400  ft 

4.65 

25  110 

Total 

4 251  471 

TABLE  E-89."  MIUS  OPTION  II  CONTROLS  SUBSYSTEM  COSTS 

(DCF  PROGRi^  OUTPUT) 


FUEL 

COST  IS  102 

»00 

CENTS  FEB  METUj  VJITH 

ESCALATION  RATIO  0 

.050 

ELECTRICITY  i.ATE 

IS  0 

.017A5  DOLLARS  PER  K? 

THIS 

RUN  KADE  11/ 

5/73 

D.  C 

. F.  AXALYSI 

S FOR 

KIUS 

CONTROLS  SYS 

OPTION 

II  “ 8/8/73 

COST  FLOT  TABLE 

(ALL  CO 

STS' IN  £ A 10E6) 

INVESTMENT 

MA  liXTENANCE 

OPERATIONS 

TOTAL 

PRESENT  1 

CUMULATIVE 

YEAR 

COST 

COST 

COST 

COST 

VALUE 

P.V 

.COST 

1975 

1 .016 

0.106 

0 a 000 

1.122 

1.108 

1 .106 

1 97.6 

a .A39 

0.1  A3 

0 .000 

0 .552 

0.464 

1 .572 

1977 

0.797 

0.211 

0 .0  00 

1 .008 

0.741 

2.313 

1978 

0.000 

0.217. 

0.000  . 

0.217 

0.124 

2.437 

1 979 

0 .000 

0.224 

r?  • 0 00 

0.224 

0.111 

2.548 

1 980 

0.871 

3. 300 

0.000 

1 .170 

8.562 

3.111 

1 981 

0 .000 

0.309 

0.000 

0.309 

0.115 

3.227 

1 982 

0 .000 

0.318 

0 .000 

0.318 

0.104 

3.331 

1 9?3 

1 .A5A 

0 .445 

0.33S 

1 .900 

0.602 

3.933 

1 9ciA 

0 .000 

0.459 

0.000 

0.459 

D.l  13 

4.046 

1 985 

0.000 

0.473 

0 . 000 

0.473 

0.102 

4.146 

1 986 

1 .0AO 

0.569 

0.000 

1 .609 

0*330 

4.478 

1 967 

0.000 

0.587 

0.003 

0 .587- 

0 .095 

4.573 

1 96B 

0 .563 

0.653 

0.000 

1 .236 

0.187 

4 .760 

1 9B9 

1.136 

0.763 

0.000 

1 .899 

0.254 

5.015 

1 998 

0.000 

G .786 

0.000 

0 .786 

0.084 

5.099 

1991 

0 .000 

0.810 

D • 000 

0.610 

G.075 

5.174 

1992 

1.2A1 

0.933 

3.003 

2.174 

0.191 

5.364 

1 993 

S.00W 

0.961 

0.000 

0.961 

0.066 

5 .432 

1 99A 

S.OOG 

0.989 

0.030 

0.939 

0.060 

5.492 

COST  i-OTALS 

FOti  THE 

20  YEAR  PER 

lOD  FROM 

1975  TO 

1994 

1973  Pj-ICES  ESCALATED  FniCES  ESCALATED  FKICES 
NOK-DISCOUMTED  NOM-DISCOUNTED  DISCOUNTED  TO  1975 


CAPITAL  EL.U  Ii' . 

6.326 

8.547 

3.477 

LESS  RES ID.  VALUE 

6.328 

6.803 

0 .538 

NET  capital  costs 

0.000 

-0.256 

2.939 

COSTS  FOB  FUEL 

•3.000 

0 . 000 

0.000 

OTHER  OP.  COSTS 

0.000 

0.000 

0 .006 

maintenance  costs 

6.539 

10.255 

2.016 

total  costs 

6.539 

9.998 

4.955 
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ABLE  E-90.-  MIUS  OPTION  II  CONTROL  SUBSYSTEM  (INPUT  TO  DGP  PROGRAM) 


YEAR 


^capital 

— 6 

( 1 9^3  S I 0 ) 

^ T7l  TT 

_ .7nAr) 

'.nnno  

..■moo 

- ^ ^ » 

• oom' 

• o'Un'a  ™ 

l * n A 2 13 

' * nnnn ' 
»nnnn 

*70^0  “ " 

.nnna 

.37S0 
. 70  R 0 
' *0000 

• nnno 

• 7oao 

• noon 
#nono 


FUEL 


(RTU  X IQ  ) 


ELECTRicitY 
:■  ~6 

X in  V 

.non'" 

tnri‘D~^ 

• 000 

* 0 0 Q 

_ -ono 
' Vono' 

• flOQ 


including  labor 
"6  ■ 

11973  S X 10  J 
*0967 

- _ 
.18  19 

■’ ia'i9  ' 

.1819 
^ ,2366 

.2366 


« 00“ 

• odu 

~r?3'6^" 

.00 

« 000 

.3218 

.00  ■ ' 

*3210 

.00 

>000 

.3218 

,00  "■■■■■■ 

.000  “ 

• 376B 

,00 

• ono 

,3  765 

*00 

• ODD 

' . '9  0 7 0 

* OD 

.000 

*‘16  17 

*00 

-noo  

• H617 

.00 

.000 

.M617 

-00 

• noD 

.5164 

• 00 

• ono 

,5164 

TABLE  E-91.-  MIUS  OPTION  II  BUILDING  COSTS  (DCP  PROGRAM  OUTPUT) 


FUEL  COST  IS  ICS. OB  CENTS  FEu  KLTUj  IvliH  ESCALATION  hATiO  0.050 
ELSCTiilCIIY  «ATE  IS  0.01745  DOLLAiiS  FEE  K;,’K 
THIS  EUN  FA-DE  11/  5/73 

D.  C.  F.  ANALYSIS  FOE 

XIUS  LUILDINCS,  OPTION  II  - 8/8/73 

COST  FLOW  TABLE 
CALL  COSTS  IN  £ E IOE65 

INUESTKENT  WAINTENANCE  OFEjvAIIONS  TOTAL  FLESENT  CUNULATiUE 


YEAh  COST 

COSl  I 

COST 

COST  - 

VALUE  P 

■ ' 

V.COST 

1975  0.380 

0.008 

0 .600 

0 .388 

0.387 

0 .387 

1976  ■ 3.G00 

0.008 

0 .000 

0 .008 

0.606 

0.393 

1977  0.833 

0 .086 

0 . 0 iJ  0 

0 .664 

0.656 

1 .643 

1978  fi.030 

0 .056 

O.OE0 

0 .086 

0.015 

1 .0  59 

1979  0.030 

0.057 

0.000 

0.087 

0.014 

1 .075 

I93G  B.AAl 

0.037 

0.000 

£ .4  78 

0.835 

1 .507 

1961  O.O0S 

0 .038 

0.000 

0.038 

3.014 

1 *3£1 

1962  B.000 

0.039 

0.000 

6.039 

0.G15 

1.354 

1963  0.461 

0 .050 

0 .00  m 

■ 0.558 

0.178 

1 .50  6 

1934  E.000 

0 .058 

0.000 

0.65& 

0.013 

1.519 

1965  0.000 

0 .053 

0 . 03U 

0.053 

0.011 

1 *530 

1966  0.5S6 

0 .066 

0 . 000 

0.598 

0.185 

1 .656 

1987  0.000 

0.068 

0.030 

0.068 

0.011- 

1.667 

1988  0.000 

0.070 

6 .000 

6.070 

0.010 

I .677 

19B9  0.575 

0.084 

0 .003 

G.659 

6 '.098 

1 .76a 

1990  0.000 

0 .086 

0.000 

fc.086 

0.009 

1 .777 

1991  0.000 

0 .089 

0 .ooa 

0.089 

0 .068 

1 .786 

199£  S.6£8’ 

0.105 

0.000 

0*733 

0 .067 

1 .855 

1995  0.000 

0.108 

3 *000 

0.108 

0 .008 

1 .8  60 

1 994  0 .000 

0.111 

0 .000 

0.111 

0.007 

1.867 

COST  TOTALS 

FOB  THE  £0 

YEAh  FE: 

hlOD  FivOK 

1975  TO  1994 

1973  Pi-ICE.S 

ESCALATED  FAlCE 

S ESCALAiED 

Fi.ICES 

NON-DISCO'JNTED  NON 

-DISCOUNTED 

DIECGUNi 

L 10  19 

CAPITAL  ELUIP. 

8.894 

3.869 

1 

.643 

LESS  hESID.  VALUE 

1 .671 

■ £-435 

0 

.149, 

NET  CAPITAL  COSTS 

1.883 

1 .434 

1 

.494 

COSTS  FOS  FUEL 

0 .000 

0.060 

0 

*000 

OTHEk  op.  COSTS 

0.003 

0 .000 

0 

.000 

MAINTENANCE  COSTS 

6.734 

1.151 

0 

.884 

TOTAL  COSTS 

1.957 

8.585 

1 

.718 
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TKBL‘Z  B-92.-  lirUS  OPMO»  II  BUILDIWG  C0S2S  (XKPOIS  TO  THE  DCF  PHOGBX.M) 


TABLE  E-93,«  MIUS  OPTION  II  TRENCHING  COSTS  (DCP  PROGRAM  OUTPUT) 


FiJSL  COi>r  IS  CEWTS  FEi.  KETU#  vUTK  ESCALATION  ivATlD  O.C50 

ELECThlCriV  *iATE  lb  TOLLAi.b  TF.i.  KV;K 

THIS  LUN  I'.ADE  11/  5/73 

D.  C.  F.  ANALTSIS  F'Oi. 

KIUS  UTILITY  TRS.NCKIN5- - OPTION  8 C£i  KlUb)  6/7/73 

COST  FLo:-;  tal-le. 

CALL  COSTS  IN  S X ISE6) 


INVESTMENT  MAINTENANCE 

OPERATIONS 

TOTAL 

PLESENl  CUX'J 

LA  i I VE. 

YEAR 

COST 

COST 

COST 

COST  . 

VALUE  P.U 

.COST 

1975 

l.v,38 

O.OOfi 

0.030 

1.338 

1 *038 

1.038 

197  A 

0.259 

O.OE0 

0 *S00 

0.269 

0.234 

1 .278 

1977 

1*212 

0 .t'ijO 

0 o l).'  '*j 

1 . t 1 

0 *917  ’ 

2. 188 

197S 

0.172 

0.003 

0.000 

S.172 

0.113 

2 * 302 

197  5 

0.177 

0.3GO 

0.000 

0.177 

0.131 

2.4U3 

19^:; 

1 .385 

G .OCO 

a.  so;: 

1 .525 

0.659 

3.0  62 

1981 

0.186 

D'.OOO 

0.600 

0*168 

0.3S1 

3.143 

1988 

0.321 

0.000 

0.030  ' 

0.321 

6.121 

3.264 

1 98  3 

1 .44S  • 

0 . o G 3 

0 . 0 0 J 

1 .446 

0 .473 

3.737 

198A 

V .£l^  fi 

3.003 

0 .030 

0.206 

0.056 

3.755 

19ES 

C.212 

■3.  OSS 

O.Q00 

0.212 

0.352 

3 . 848 

1985 

1.582 

3.  30  3 

0.000 

1.562 

0.343 

4.166 

19&7 

0.285 

3.0££ 

3 .000 

0.225 

0.342 

4.230 

1 583 

0.363 

0 .300 

0 .000 

3.383 

0.362 

4.292 

1989 

1 .785 

0.006 

0.000 

1 .729 

0.244  ' 

4.536 

I 990 

■3.245 

0 .000 

0.030 

3.245 

0.030 

4.567 

1991 

3.253 

0 .600 

0 .000 

0.253 

6.027 

4.594 

1998 

1 ,97  C- 

E .000 

O.G;iG 

1.976 

0.184 

4.777 

1593 

3.35S 

O.OOP 

0.SG3 

G.35S 

0.325 

4.80  6 

1994 

3.36S 

0 .303 

3.000 

3.365 

0.O£if 

4.832 

COST  TOTALS 

FOR  THE 

20  YEAR  PERIOD  FROM 

1975  TO  1994 

1973  Px-.ICES  ESCALATED  PRICES  ESCALATED 

Fr.XCES 

NON-DISCOUNTEO  NON-DISCOUNTED  DISCOUNTED  TO  1975 


CAPITAL  ECU  IP. 

9.813 

13.686 

4.632 

less  XESID.  VA.LUE 

9. SI  3 

14.096 

0.661 

NET  CAPITAL  COSTS 

3 .230 

-0.41 a 

3.971 

COSTS  FOR  FUEL 

0.366 

0 *066 

0.000 

other  op.  costs 

0 .330 

0 .006 

0.SGG 

C'LAINTEKANCE  COSTS 

6 .000 

0 .066 

0.000 

TOTAL  COSTS 

» 

0 . 60  0 

-0*410 

3.971 

ORIGINAL  PAGE  IS 
0®  POOR  QUAIOT 

- 

TABLE  E-94.-  HXUS  OPTION  II  OTIlITr  TKEHCHIHG  COSTS  tAHKDAL  CAPITAL  OUTLATS} 


year 

Description 

Major  component 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  S 

1975 

Village  A; 

Village  center 

Nastevater 

120  295 

Comiflon  utility 

49  923 

Heighborhoocls  A-l,  A-2,  an3  A-3  subnains 

Wastewater 

439  968 

Common  utility 

170  035 

neighborhoods  A-1,  A-2,  and  A-3  laterals 

one -third  of  wastewater 

123  452 

One-third  of  common  utility 

74  520 

0.9782x10'^ 

1976 

Village  A: 

Neighborhoods  A-1,  A-2,  and  A-3  laterals 

One-third  of  wastewater 

123  452 

One-third  of  common  utility 

74  520 

Town  center  mains: 

Wastewater 

75  998 

Common  utility 

21  642 

.2461 

1977 

Village  A: 

Neighborhoods  A-1,  A-2,  and  A-3  laterals 

1 

One-third  of  wastewater 

123  452 

1 

one-third  of  common  utility 

74  520 

I 

Village  B: 

Village  center 

170  218 

(same  as  village  A center) 

Neighborhoods  B-1,  B-2,  and  B-3  submains 

610  053 

(same  as  neighborhood  submains 

in  village  A) 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

One-fourth  of  wastewater 

92  589 

one-fourth  of  common  utility 

55  890 

1.077 

1978 

Village  B: 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

One-fourth  of  wastewater 

92  589 

One-fourth  of  common  utility 

55  890 

.1485 

1979 

Village  B: 

Neighborhoods  B-1,  B-2,  and  B-3  laterals 

one-fourth  of  wastewater 

92  589 

1 

one-fourth  of  common  utility 

55  890 

.1485 

j 1980 

Village  B: 

1 

Neighborhoods  B-1,  B-2,  and  B-3  laterals. 

A 

one-fourth  of  wastewater 

92  589 

1 

One-fourth  of  common  utility 

55  890 

I 

Village  C; 

Village  center 

170  218 

(same  as  village  A center) 

Neighborhoods  c-1,  C-2,  and  C-3  submains 

610  053 

(same  as  neighborhood  submains 

in  village  A) 

TiBLE  E-94.-  Continued 


Year 

Description 

Kajof  GOEponent 
capital  cost, 
1973  $ 

^ 

Total  ■ ■ 
capital  cost, 
1973 

One-fourth  of  neighborhoods  C-1,  C-2,  and 
C-3  laterals  {same  as  neighborhood 
laterals  in  village  B) 

148  479 

1.077x106 

■ 

1981 

Village  C; 

one-fourth  of  neighborhoods  C-1,  C-2,  and 
C-3  laterals 

140  479 

.1485 

1982 

Village  C: 

One-fourth  of  neighborhoods  C-1,  C-2,  and 
c-3  laterals 
Town  center  mains: 

Wastewater 
Common  utility 

140  479 

75  998 
21  642 

.2461 

1983 

Village  C: 

One-fourth  of  neighborhoods  C-1,  C-2,  and 
c-3  laterals 
Village  D: 

Village  center 

(same  as  village  A center) 

Neighborhoods  D-1,  D-2,  and  D-3  submains 
(same  as  neighborhood  suboains 
in  village  &) 

Neighborhoods  D-'l,  D-2,  and  D'-S  laterals 
(same  as  neighborhood  laterals  in 
village  B) 

148  479 

170  213 
610  053 

148  479 

1.077 

1984 

Village  D: 

one-fourth  of  neighborhoods  D-1,  D-2,  and' 
D-3  laterals 

148  479 

.1485 

1985 

Village  D: 

One-fourth  of  neighborhoods  D-1,  D-2,  and 
D-3  laterals 

148  479 

.1485 

1986 

■ 

Village  D: 

One-fourth  of  neighborhoods  D-1,  D-2,  and 
D-3  laterals 
Village  E: 

Village  center 

(sane  as  village  A center) 

Keighborhoods  S-1,  E-2,  and  E-3  submains 
(same  as  neighborhood  submains 
in  village  A.) 

Neighborhoods  B-1,  E-2,  and  E-3  laterals 
(same  as  neighborhood  laterals 
in  village  B) 

148  479 

170  218 
610053 

148  479 

1.077 

1987 

Village  E: 

One-fourth  of  neighborhoods  E-1,  E-2,  and 
E-3  laterals 

148  479 

.1483 

E-210  - 


TABLE  E-g4.-  Concludea 


Year 

Description 

Hajor  compOiient 
capital  cost, 
1973  $ 

Total 

capital  cost, 
1973  $ 

198B 

Village  s: 

One-fourth  of  neighborhoods  E-1,  E-2,  and 
B-3  laterals 
Town  center  nains 
Wastewater 
CoHinon  utility 

148  479 

75  998 
21  642 

0,2461x10® 

1989 

Village  E: 

One-fourth  of  neighborhoods  E-1,  B-2,  and 
E-3  laterals 
Village  F; 

Village  center 

(same  as  village  A center) 

Heighborhoods  F-1,  F-2,  and  F-3  submains 
(same  as  neighborhood  submains  in 
village  A) 

Neighborhoods  F-1,  F-2,  and  F-3  laterals 
(same  as  neighborhood  laterals  in 
village  B) 

148  479 

170  218 
610  053 

148  479 

1.077 

1990 

Village  F; 

One-fourth  of  neighborhoods  F-1,  F-2,  and 
F-3  laterals 

148  479 

.1485 

1991 

Village  F: 

One-fourth  of  neighborhoods  F-1,  F-2,  and 
F-3  laterals 

148  479 

.1485 

1992 

Village  F: 

One-fourth  of  neighborhoods  F-1,  F-2,  and 
F-3  laterals 
Village  G: 

Village  center 

(same  as  village  A center) 

Neighborhoods  G-1,  G-2,  and  G-3  submains 
(same  as  neighborhood  submains 
in  village  A) 

Neighborhoods  G-1,  G-2,  and  G-3  laterals 
(same  as  neighborhood  laterals  in 
village  A) 

148  479 

170  218 
610  053 

197  972 

1.128 

1993 

Village  G; 

one-third  of  neighborhoods  G-1,  G-2,  and 
G-3  laterals 

197  972 

.1980 

1994 

Village  G: 

One-third  of  neighborhoods  G-1,  G-2,  and 
G-3  laterals 

197  972 

.1980 

E-21  1 


TABLE  E-95.-  ILLDSTRATIOH  OF  MIDS  05II0H  II  WASTBHATER  TREHCHIHG  COSTS 

[Baseline  collection  systen] 


Ranhole  position 

Line 

length,  ft 

Pipe 

diameter 

Depth,  ft 

Trench 

cost. 

S/ft 

Total 
trench 
cost,  $ 

Fro*  - 

To  - 

in. 

Start 

End 

1 Village  Subnains  ] 

29 

30 

500 

IS 

11.26 

12.74 

9.75 

4 875 

30 

31 

400 

15 

12.74 

13.92 

11.20 

4 480 

31 

32 

400 

15 

13.92 

15.10 

12.05 

5 140 

39 

40 

550 

15 

11 .26 

12.88 

9.75 

5 362 

High  school 

32 

1500 

8 

6.0 

16.50 

8.85 

13  275 

32 

35 

450 

18 

16.50 

117.50 

17.10 

7 695 

35 

36 

450 

18 

17.50 

118.50 

18.35 

8 258 

36 

37 

200 

18 

18.50 

M8.97 

10.65 

3 730 

37 

40 

550 

24 

18.97 

219.85 

19.00 

10  450 

Total 

63  265 

r other  laterals. 

Elenentary 

13 

900 

8 

6 

12.3 

6.55 

5 895 

school 

Tovnhonse 

11 

550 

8 

6 

9.85 

5.50 

3 025 

Tonnhouse 

11 

650 

B 

6 

10.55 

6.10 

3 965 

Tounhonse 

Hain 

100x6 

8 

6 

6.7 

4.40 

2 640 

Tonnhouse 

12 

100 

8 

6 

6.7 

4.40 

440 

Townhouse 

14 

100 

S 

6 

6.7 

4.40 

440 

Townhouse 

12 

200 

8 

6 

7.4 

4.60 

920 

Townhouse 

14 

200 

8 

6 

7.4 

4.60 

920 

Garden 

28 

550 

8 

6 

9.85 

5.50 

3 025 

apartsent 

Recreation 

High  rise 

750 

8 

6 

11.25 

6.40 

4 800 

center. 

High  rise 

36 

850 

8 

11.25 

17.20 

12.30 

10  455 

Connercial 

35 

100 

8 

12 

12,70 

10.20 

r 020 

area 

Office 

31 

100 

8 

12 

12,70 

10.20 

1 020 

building 

Office 

Hain 

100 

8 

12 

12.70 

10.20 

1 020 

building 

Total 

39  585 

^Includes  5- foot  stored  trench  at  bottom. 

sinclndes  5-foot  shored  trench  at  bottom  and  3-inch  wide  at  trench  bottom. 
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TABLE  B-95.-  Concluded 


Hanhole 

position 

Line 

length/  ft 

Pipe 

diameter 

in. 

Depth/  ft 

Trench 

cost, 

$/ft 

Total 
trench 
cost,  S 

Prom  - 

To  - 

Start 

End 

Conventional  village 

center 

Total  submains 

63  265 

Other  laterals 

39  585 

Total 

102  850 

HIU5  option  II  additions 

to  submains 

36 

45 

4D0 

21  1.7  ft 

118.5 

20.2 

2C.75 

18  675 

drop 

. 

45  . 

46 

500 

21 

47 

47 

450 

24  1.6  ft 

220.2 

21.8 

22.50 

22  500 

drop 

47 

' 

Hias 

550 

■ 

24 



MIUS 

option  II  subtractions  from  other  laterals 

High  rise 

36 

.850 

0 

- 

10  455 

High  school 

34 

1500 

8 

13  275 

34 

32 

23  730 

Village  center  net  {miDS 

option  II) 

Submains 

• 

104  440 

Other  laterals 

120  295 

1 Includes  ‘5-foot  shored  trench  at  bottom. 

^Includes  5-foot  shored  trench  at  bottom  and  3- inch  wide  at  trench  bottom. 
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TABLE  E-96.*-  STEAM-ELECTRIC  PLANT  CAPITAL  COST  AND  MANPOWER  VARIATION 

[Prom  refs.  E-25  and  E-26J 


Plant  location 

1 

Plant 

size, 

aw 

1 

■ j 

Employees 
per  HR 

Coal: 

Captina,  W.  Ta. 

i 1633 

0.067: 

Aberdeen,  Ohio 

1220 

.098 

Monroe,  Hidh. 

817  .. 

.162 

St.  Albans,  H.  Va, 

816 

.251 

Hateree,  S.C. 

772 

.080 

Cayuga,  Ind. 

531 

.149 

Tampa,  Pia. 

446 

.168 

Center,  H.  Dak. 

235  ; 

.213 

Hoiqer  City,  Pa. 

1319  j 

,124 

Genoa,  wis. 

346  i 

.246 

Biniraura 

.067 

Maximum 

.251 

Average 

.156 

O’il: 

Sandwich,  Mass. 

543 

,110 

Horthport,  H.  Y. 

774 

.114 

Taunton,  Mass. 

28 

.750 

Minimum 

.110 

Maximum 

.750 

Average 

.325 

Breakdown  of  plant  capital  costs,  percent 


Equipment 


Land 

and 

rights 


Structures 

and 

improvements 


10.8 
12.3 
21  .,0 
12.0 
12.3 
25.9 
19.8 
2.4 
20.1 


12.9 

27.1 

18,0 


88.8 

87.2 

77.1 

87.7 

87.3 

73.5 

74.7 

96.8 

78.2 

83.6 

73.5 
96.8 

83.5 


85.5 

85.3 

71.3 

71.3 

85.5 
80.7 
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TfiBLE  E-9( 


Plant  location 

Plant 

size, 

MW 

Employees 
per  MW 

. 

Gas : 

■ Point  Comf o rt Tex ; 

261 

0.130 

Lubbock/  Teic. 

248 

.113 

Baytown/  Tex. 

765 

.101 

Hiesel/  Tex. 

581 

.071 

Hobbs,  H.  Hex. 

114 

.211 

Hiniinum 

.071 

Maximum  • 

- 

.211 

Average  ' 

,125 

oil/gasi 

, 

Tallahassee,  Fla. 

1C5 

,305 

Kanawa/  okla. 

653 

.080 

Willis,  La. 

543 

.063 

Yerington,  Nev. 

220 

.141 

Gordon,  Tex. 

75 

.253 

Mini mum 

.063 

Maximum 

.305 

Average  - 

. 168 

Coal/gas: 

Bullhead  City,  Nev. 

1636 

.059 

Farmington,  N.  Hex. 

1636 

.105 

Billings,  Mont. 

173 

.185 

Hiniinum 

.059 

Maximum 

.185 

Average 

.116 

l ■■■‘: 

! ■ ■■  ■ . 

I:" 
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TiBIE  E-96.-  Concluded 


Breakdown  ( 

of  plant  capital  costs^  percent 

Plan-fc  location 

Plant 

size, 

HW 

Employees 
per  HW 

land 

and 

rights 

Structures 

and 

inpro  vements 

Eguipment 

Nuclear: 

Hartsville,  S.C. 

769 

0,120 

<25.6 

<74 

Honticello,  Hinn. 

569 

,128 

0.1 

23.1 

76.8 

Waterford,  Conn. 

662 

— 

3,5 

16.2 

80.3 

Two  Creeks,  Wis. 

524 

-- 

,9 

20.5 

78.7 

Ontario,  N-Y. 

517 

.128 

.6 

17.2 

82.2 

Scriba,  N.Y. 

642 

.108 

— 

— 

— — 

Forked  Eiver,  N.J. 

550 

.167 

3,0 

24.5 

72.5 

aininum 

.108 

.1 

16.2 

72.5 

Maximum 

.167 

3.5 

24.5 

82 . 2 

Average 

.130 

1.6 

20.3 

78.1 
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TABLE  E-97.-  NEW  STEAM-ELECTBIC  PLANT  PRODDCTION  COSTS 
[From  refs,  e-25  and  E-2^ 


Plant  location 

Year  in 
service 

Plant 

size, 

aw 

Plant 

cost, 

$/kW 

1973 

replacement 
cost,  $/KW 

Production  cost, 
miils/ktih 

Efficiency, 

Btu/kWh 

O&H 

(no  fuel) 

Fuel 

Coal: 

■■ 

Captina,  H.  Va.^ 

HI 

1633 

131 

169 

0.46 

3.11 

9 524 

Aberdeen,  Ohioi 

1220 

152 

196 

.50 

3.31 

9 180 

Monroe,  Hicli.i 

WmM 

817 

216 

278 

1.38 

3.53 

9 600 

St.  Albans,  B.  Va.^ 

816 

157 

202 

.36 

3.59 

9 101 

Hateree,  S.C.* 

772 

130 

173 

.62 

4.36 

9 301 

Cayuga^,  Ind.i 

1970 

531 

151 

201 

.95 

2.32 

9 667 

Tampa,  Fla. » 

197Q 

446 

160 

213 

,99 

4.16 

10  510 

Center,  N.  Dak.s 

1970 

235 

163 

217 

.80 

2.06 

10  720 

Homer  City,  Pa. 

1969 

1319 

141 

T95 

2.98 

4,01 

10  19C 

Genoa,  Wis. 

1969 

346 

142 

197 

1.11 

3.64 

8 780 

Hinimam 

130 

169 

.36 

2.06 

Maximum 

216 

278 

2.98 

4.36 

Average 

154 

204 

1.02 

3.41 

9 657 

Oil: 

Sandwich,  Mass. 

1968 

543 

101 

144 

.78 

4i53 

9 029 

North port,  H.Y. 

1967 

774 

129 

189 

.63 

3.53 

9 612 

Taunton,  Hass. 

1966 

28 

147 

219 

2.22 

8.64 

13  002 

Minimum 

101 

144 

. 63 

3.53 

Maximum 

147 

219 

2.22 

8.64 

Average 



126 

<84 

1,21 

5,57 

10  548 

^Pulverized  coal. 
^Lignite. 
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TABLE  E-97.-  Continued 


Plant  location 

Year  in 
service 

Plant 

SXZ6  g 

Plant 

cost, 

$/kW 

1973 

replacement 
cost , S/kH 

Production  cost, 
mills/kHh 

Efficiency 

Btu/kPh 

OSH 

(no  fuel) 

Fuel 

Gas: 

Point  comfort,  Tex. 

1971 

96 

124 

0. 53 

1.98 

10  023 

Lubbock,  Tex. 

1971 

103 

133 

.45 

2.39 

10  309 

Baytown,  Tex. 

1970 

__ 

— 

.46 

2.01 

9 773 

Riesel,  Tex. 

1970 

581 

-- 

-- 

.47 

2.36 

9 643 

Hobbs,  H.  Hex. 

1967 

114 

96 

140 

.72 

2.10 

10  730 

Minimum 

96 

124 

.45 

1.98 

Haximura 

103 

140 

.72 

2.39 

Average 

98 

132 

.53 

2.  17 

10  09  6 

Oil/gas: 

Tallahassee,  Fla.^ 

1971 

105 

118 

152 

.40 

6.98 

— 

Kanawa,  Okla.* 

1971 

653 

76 

98 

.24 

2.04 

9 904 

Hillis,  La.^ 

1970 

543 

104 

138 

,43 

2.13 

10  125 

Yerington*  Nev.  s 

1968 

220 

149 

212 

.49 

4,38 

10  178 

Gordon,  Tex,-* 

1968 

75 

158 

.36 

2.29 

1C  705 

Hinimum 

96 

.24 

2.C4 

Maximum 

- 

212 

, 49 

6.98 

Average 

HI 

152 

. 38 

3.56 

10  228 

^percentage  oil/gas  split  is  not  available  at  this  time, 
^percentage  oil/gas  split,  Btu,  is  C/100, 
sperceiitage  oil/gas  split,  Btu,  is  1/99. 


^ S o 

iHJ 


TABLE  E-97.-  Concluded 


Plant  location 


Year  in 
service 


Plant  Plant 
size,  cost, 
HH  $/kH 


1973 

replacement 
cost,  $/kH 


Production  cost, 
mills/kWh 


06H 

(no  fuel) 


Fuel 


Efficiency 

Btu/KHh 


Bullhead  City,  Wev.® 

1971 

1636 

1C7 

138 

2.22 

3,87 

12  122 

Farmington,  N.  Hex.'^ 

1969 

1636 

95 

132 

,92 

1.49 

9 822 

Billings,  Mont,® 

1968 

173 

124 

177 

1.99 

10  630 

Minimum 

95 

132 

.47 

1.49 

Haximum 

124 

177 

2.22 

3.87 

Average 

109 

149 

1,20 

2.45 

10  858 

Huclear : 

Hartsville,  S.C. 
Honticello,  Hinn. 
Waterford,  conn. 
Two  Creeks,  Vlis. 
Ontario,  N.Y. 
Scriba,  11.  Y. 

Forked  Eiver,  \’.J. 

Hinimura 

Haximum 

Average 


101 

13C 

,80 

2.04 

193 

248 

1.20 

1.66 

146 

194 

.91 

1.87 

141 

188 

. 40 

1.58 

161 

214 

1.62 

2.14 

256 

355 

.94 

2.24 

167 

231 

.81 

1.68 

101 

130 

. 40 

1.58 

256 

355 

1.62 

2.24 

166 

223 

.95 

1.89 

^Percentage  oil/gas  split,  Btu,  is  67/33 
■^Percentage  oil/gas  split,  Btu,  is  99/1. 
spercentage  oil/gas  split,  Btu,  is  92/8. 


11  099 

10  660 
10  452 
10  730 
10  627 
10  421 


10  665 
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TABLE  E-98.-  HVAC  SOBSYSTEH  EQOIPHEHT  LIST  FOR  NEIGHBORHOOD  HIDSi 


Description 

Quantity 

Unit  cost,  1973  $ 

Capital  cost,  1973  $ 

Absorption  chiller,  738-ton 

1 

68  000 

68  000 

Compression  chiller,  906-ton 

1 

56  500 

56  500 

Cooling  pond,  150  by  100  by  4 ft 

1 

33  600 

33  600 

Hot-water  boiler,  125-hp 

2 

12  340 

24  680 

Chilled-water  pump,  3000-gal/niin, 

4 

5 455 

21  820 

250  ft  hd 

Hot-water  pumps,  1670-gal/min, 

3 

4 422 

13  266 

90  ft  hd 

Insulated  pipe; 

12  in. 

2200  ft 

64.30 

141  460 

10  in. 

2840  ft 

45.46 

129  106 

8 in. 

2860  ft 

28.17 

80  566 

6 in. 

1840  ft 

18.36 

33  782 

5 in. 

2480  ft 

15.  01 

37  224 

4 in. 

1600  ft 

10.86 

17  376 

3-T/2  in. 

200  ft 

9.40 

1 880 

3 in. 

1560  ft 

8.14 

12  706 

2 in. 

2640  ft 

5.77 

15  232 

1-1/2  in. 

2000  ft 

5.02 

10  040 

1-1/4  in. 

1800  ft 

4.65 

8 37  0 

Gate  valves,  3 in. 

136 

78.35 

10  655 

Total 

716  263 

(Piping  and.  valves  only) 

(498  397) 

iHigh-deixsity  area  only. 
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TaBLE  E-99.-  aODITIONAL  CHILLED-  AND  HOT-WATEE  DIi?ING  REQDIBED  FOE  THE 
SINGLE-FAMILY  DWELLING  AREA  (713  UNITS)  OF  ONE  NEIGHBORHOOD^ 


Description 

Quantity,  ft 

Unit  cost, 
1973  $ 

Capital  cost, 
1973  $ 

Insulated  pipe 

6 in. 

12  000 

18.05 

216  558 

5 in. 

12  000 

14.70 

176  358 

4 in. 

3 60  0 

10.86 

39  096 

3- 1/2  in. 

o 100 

9,25 

47  175 

3 in. 

7 200 

8.  14 

58  608 

2-1/2  in. 

48  900 

6.  59 

322  401 

2 in. 

43  600 

5,68 

247  810 

1-1/2  in.  . 

4 500 

5.02 

22  590 

1-1/4  in. 

4 500 

4.65 

20  925 

1 in. 

2 000 

4.09 

8 180 

3/4  in. 

2 000 

3.46 

6 920 

1/2  in. 

71  500 

3. 13 

223  608 

3/8  in. 

71  500 

2.82 

201  443 

Total  additional  piping  cost 

1 591  672 

for  one  neighborhood 

* 

Total  additional  piping  cost 

33  425  112 

for  21  neighborhoods 

^ No  potable  hot  water.  No  thermal  distribution  losses  considered  in 
sizing  the  pipe.  No  refrigeration  machines,  water  pumps,  heat  exchangers, 
trenching  costs,  elbows,  flanges,  reducers,  or  other  fittings.  No  waste 
heat  source  is  available  to  supply  this  system  from  the  designed  powerplants, 
solid-waste  incinerators,  or  boiler  facilities. 
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TSBLE  E-rOO.-  IHDIVIDDAL  DWELLING  UNIT  HVAC  COST  FOB  ONE  NEIGHBORHOOD  (713  UNITS) 


Description 

Unit  cost, 
1973  $ 

Unit 

maintenance 
cost/yr, 
1973  $ 

Total  capital, 
1973  $ 

Case  I: 

Three-ton  heat  pump  system  with 
10-kH  supplementary  resistance 
heating  (no  ductwork) 

1 540 

154 

1 098  000 

Case  II; 

Three-ton,  4-pipe,  2-valve  heat 
exchanger  with  blower  and 
filter  box  (no  ductwork) 

240 

8.40 

171  000 

Central  station  refrigeration 
and  heating  equipment  (ratio 
of  that  required  for  the 
high-density  area) 

15  740 

284  000 

Distribution  piping 

1 592  000 

Total  for  case  II 

2 047  000 

$ 


s 


Cost  factor 

Option  I 
(as  presented)  ^ 

Chilled  water 
(analysis  Sept.  12,  1973) ^ 

Total  capital  outlay, 

1975-94,  1973  $ 

23  030  000 

43  000  000 

Total  O&H  cost, 

1975-94,  (no  energy) , 1973  $ . , , 

24  192  000 

3 465  000 

Total  outlay, 

1975-94,  1973  $ 

47  222  000 

46  465  000 

Escalated  and  discounted^ 

outlay,  1975-94,  1 975  $ 

17  048  000 

20  396  000 

n not  the  sa 
ailed  each  y 
and  associat 
for  the  hig 
3 percent/yr 


egu 

D 

pm 

i 

nt  take 

n 

in 

di 

ra 

ec 

ens 

ty 

1 

area  of 

o 

pt 

i 

on 

I. 

isc 

O 

un 

B 

ed  at  1 

5 

pe 

r 

ce 

t/ 

TABLE  E-102.*  VACUUM  SEWER  SYSTEM  COSTS  FOR  HIUS 


Description 


td 

I 

to 

to 

4=- 


Collection  stations: 

Town  center 

Hospital 

Plumbing 

Village  center,  7 ea. 

Plumbing  for  7 stations 

Neighborhood,  7 ea.  (townhouses  and 
single-family  dwellings) 

Plumbing  for  7 stations 

Subtotal 

Forced  mains: 

Town  center 

Hospital 

Village  center 

Neighborhood  (townhouses  and 
single-family  dwellings) 

Total 


Cost-  $ 


Vacuum  toilets 


223  665 

3 613  050 
15  054  515 


Conventional  toilets 


52 

000 

58 

000 

35 

900 

38 

000 

198 

000 

198 

000 

267 

400 

298 

200 

154 

000 

154 

000 

1 

155 

000 

1 

293 

'600 

_i. 

^55_ 

1 

_9 

355 

500 

11 

217 

800 

11 

395 

300 

447  300 

5 014  800 
16  857  400 


^Personal  communication,  Colt  Industries,  Beloit,  Wis.,  1973. 


Utility 


PXSUgfLVAHIA  ELEgTBIC  CGHPAHT 


1? 


Kane  pIPIpsC 

Hcaer  etty  1/ 

2/ 

He. 

Prxlca  xsd  Power  AM4 

1-5 

teeatlea  ol  Plast 

Hes^r  City,  Fa. 

1 

tnalatlad  Cenaratias  CtpacMy  - Max,  Cfs.  Ntneplata  Ratine  ..MetawatU 

2 

Hal  CtflcreUsn,  UiUiea  KitawilMiDvii 

703.6  i, 

3 

phni  Fnctet,  Pcrcfcd.  &>t*d  on  ff^taaplale  Rjtiea(Lta#  1) 

- 

4 

Peak  Dtsxndoa  PJanl,  Keta«a(ta  (60  Uiaittta)  (.Kit) 

613,0 

s 

Met  rontlnaous  Plant  Capabllllyi  Hetawalti 

6 

nhcft  not  Limited  by  Ccadmicf  fatal 

1,025.0 

. 7 

Xhen  LioKed  by  CofMfenfter  Tatar 

. i.02s.n 

1 

COST  OF  PUNT  CFIuiiaiidt  ,t  DolUrt) 

9 

Land  aivd  Land  Rtibla 

3,167 

10 

SIniClurea  and  IfiFcmrcBCtila 

35,225 

Jl... 

FnuiDniaflt 

1? 

Talal  Ca«I 

125 

-IeZ 

. 

Ccci  «er  KildN^att  ot  IfbiliUad  Capacilv  fLine  t?/Lme  11 

1. 

ULJ 

14 

pboductidh  expekses 

liooo 

Rina 

Kwh 

' 

IS 

□peraticn  SuparrlalBA  and  Eeiineetlnt 

30 

16 

Steam  Eipcnaea 

220 

•31 

IT 

Sieaei  frea  Other  Sourcts 

11 

SleiD  TrinaferrH  (Cr.) 

a 

.06 

19 

Etecuie  Eipeaxca 

20 

Mtse.  Steta  Powir  EipecM* 

£0 

.11 

21 

Rente 

6 

*QX 

22 

23 

Halnleniace  Supandaienend  Catl&Milni 

23 

.03 

24 

MalDieniftC*  of  5!nictui«t 

6 

.01 

2S 

llalntenanee  ol  Belter  Plant 

256 

.17 

25 

Ualntenanca  ol  Electric  Plaal 

21 

.03 

27 

23 

Mainitnanee  ol  Miec-  Staas  Plant 

20 

.03 

29 

Total.  Eteluilve  of  Fuat 

73i: 

1.C4 

SO 

Fuel 

1.729 

2.4t 

31 

TolalPioductiOft  ExMaaea 

i.4tl 

. 3-;o 

3Z 

FUEL  U5EO 

Oi«aariij' 

Can 

31 

Coal  bucRtd.  1000  Ion*  of  2000  Iba.  and  Cm  ?ef  Ion 

S 

322.6 

“sTF 

24 

Qto  per  Pound  led  Coil  per  MlUien  9ui 

t 

n,372 

23.53 

35 

Coi<  p«r  Ton.  »a  delLvxttd.  io.b.  Plant  dorLae  ivportrd  year 

i 

5.25 

36 

Oil  burned.  1000  bble.  of  4}  Beti>  md  Coal  pti  bbl. 

5 

17 

Bsu  p^t  Callen  and  Coal  per  UtlUoo  Bio 

n 

Coat  per  Sanel.  as  iScUvcred,  f.D.b.  Plact  during  tipoctrd  year 

19 

Gat  binned.  HiUion  ci>.  h.,  and  CmI  pet  ICOOoi.  It. 

4 

40 

41 
41 

Bio  pei  Coble  Foot  and  Coat  p«i  HUUm  Ut« 

4 

41 

44 

iM-araes  Dtn  net  KJIowat(*heu<  Nei  CenetnUon 

45 

Total  Nuteber  a!  Unila  (Etcluilva  ci  Home  Serviea  UnUa) 

2 

46 

No^be,  of  Reheat  Valla 

Z 

47 

Rehral  Unite-* Total  Wrctvatti 

1,319.4 

41 

Condcnslni  f altt  Supply 

u 

49 

Avetaal  Nuttbef  ol  Emptovaea 

105  1 

SO 

Plant  Baildmi  > Type  of  CanstrucUon  (Conv..  $aat.O-0-.  O.D.) 

CdAV. 

Imtti)  Yen  af  Ptaal  Qeetitton 
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T.G. 

UeHi 


, ADDITIONS,  RETIREMENTS  ANT5  CHANGES  IN  1969 


Joi:, 

H 


Mn. 

Cent. 

ntliflC 

Hf 


Coolant 

PrenuiC 

{HydJejiefl 

orOtlur) 


itly-pvaad  Vith 
|nnsylv(|ni«  Elaet: 

659.7 


□t  gonera' 
And  Haturai 


:u  7prl{  Stall 


Voltitr 

KV 


>0.  opori 

£0.0 

2/  Hair 


SHoet; 
Itoa  thl 


of  134. 
Drift  Cool; 


Max. 

Coal. 

pBbBK 

W 


659.7 

lant 


Thro»l* 


ic  & Gfa  Ccrp| 
plant] 


3,590 

Cmaerl 


&iUl|ia  3cvl)< 
ig  Tew! 


I Reheat 


1,000 

iztl  Op] 


each 


1,000 

ratlanl 


Ceeponl 


3,600 

Unit 

Unit 


lOM  Iba. 

per  hr- 

Has.  ;PS! 
C«nt. 

Ran  at 


having  a 50 


2 

|«.  1 


4,620.1 
July  2\ 
Dec. 


uiuIividQd  IrAorest 


. 196^i 
'•  l9fi^ 


Ten? 


1,005 


Fuel  Si  Methods  o(  firlne 
^Puiv  CoaLC-kCbM 
Pumace.&tsktt,  Glt«  Oil) 


1,005 


in  the  tuo  unit  plant 


Pulv.  Ccal 


19«| 


MC  tft*- 
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Figure  E-l,-  Example  of  summary  cost  data  for  conventional  elec- 
trical  power,  Homer  City,  Pa.,  powerplant  (ref,  E-25) , 
ORIGINAL  PAGE  IS 
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1975 


Figure 


1977  1979  1981  1983  1985  1987  1989 

Year 

(a)  Total  expenditures. 

3-2.“  Cost  comparison  of  the  HVAC  system 

gram  outputs , ) 


1991  1993  1995 


(Sample  pro- 
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1975  1977  1979  1981  1983  1985  1987  1989  1991  1993  1995 

Year 


(c) 

Figure 


Capital  costs. 
E-2.-  Concluded, 
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(a)  Capital  costs. 

Figure  E-3,-"  Steam-electric  pov^erplant  costs. 


I 71 
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Cost,  1971  mills/kWh 
Cb]  Production  costs  (1971  costs). 
Figure  E-3,-  Concluded. 
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(a)  Capital  cost, 

.gure  E-4,-  Conventional  electrical  powerplant  data  (from  ta! 
E-96) . Numbers  indicate  the  number  of  plants  of  a given  ty 
shaded  areas  extend  to  minimum  values,  top  of  bars  indicate 
maximum  values,  and  dashed  area  represents  extrapolation  ba 
on  more  realistic  plant  size,  (The  manpower  data  are  from 
28-MW  plant.) 


Figure  E-4.-  Concluaed 
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